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Anomalous ground state of the electrons
in nano-confined water
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*Physics Department, University of Houston, Houston, USA
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Abstract
Water under nano-confinement is known to exhibit different properties from that of bulk water. Recent neutron

scattering investigations showed that the proton momentum distribution is qualitatively different from that of the bulk

water for water confined on a scale of 20 A. Since the confining potential for the protons is due to the electrons, the

electronic ground state of nano-confined water should also be anomalous. X-ray Compton scattering, which probes

the ground state of a system, was utilized to understand the ground state configuration of the valence electrons of a

particular nano-confined water system, Nafion, a proton exchange membrane (PEM) used in fuel cells. The results

showed, for the first time, that the electrons are in a different quantum state from that of bulk water. This difference

cannot be explained by empirical models based on weakly interacting molecules. The separation of elements of

biological cells is about 20 A, therefore we would expect the functioning of the cells to be determined by the properties

of this nano-confined state.

1. Introduction

Nano-confined water, confined on a scale of 20
A, is known to exhibit equilibrium and dynamical
properties that are different from that of bulk water'".
These properties have been theoretically interpreted
primarily on the basis of empirical models of water,
which assume a model of weakly interacting molecules.
Previous investigations have shown that this model is
inadequate to describe the proton momentum distribution
in water confined in carbon nanotubes, xerogel, and
Nafion".
explain the momentum distribution in bulk water at
These
earlier investigations have suggested that the properties

Indeed, it is even quantitatively unable to
standard temperature and pressure (STP)P!.

of the hydrogen bond network are responsible for the
differences, where the electronic overlap between
acceptor oxygens and donor protons in the hydrogen bond
is sufficiently strong that the network as a whole can

respond in ways that are not possible for a collection of
molecules interacting weakly electrostatically. Beyond
our theoretical speculations, however, the fact that the
momentum distributions in the confined systems are so
different from those of bulk water means that the part of
the many-body Born-Oppenheimer surface sampled by
the protons that lead to these momentum distributions
must be qualitatively different from that of a proton in
a covalent bond, weakly interacting electrostatically
with an acceptor oxygen. Hence, the spatial distribution
of valence electrons in the hydrogen bond network in
nano-confined water system would also be qualitatively
different from that of bulk water.

These changes in the spatial distribution of valence
electrons of bulk water will be reflected in the momentum
distribution of the electrons, and can be directly observed
utilizing x-ray Compton scattering, an inelastic x-ray

scattering process at large energy and momentum

* To whom Correspondence should be addressed: debani@umich.edu
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transfers, probing the electronic ground state of the target
system. We show here that these predicted changes can
indeed be observed, though it is not possible to relate the
measured electron momentum distribution differences
directly to Born-Oppenheimer potentials, as was done
for the proton momentum distribution'. We observe
that the differences are much larger than those produced
by disordering the hydrogen bond of a pair of water
molecules, as happens as water is heated. The difference
in bond disorder between water confined in Nafion, and
bulk water, is seventeen times larger than the difference
between bulk water just above the freezing point, and
bulk water just below the boiling point, the latter being
a difference easily measured with x-ray Compton
scattering. We conclude that this change of the electron
momentum distribution observed is not possible within
the model of weakly interacting molecules, and requires
the redistribution of electrons through the hydrogen
bond network. With this approach, we also present
here reinterpretation of fluorescence” and pump probe
experiments'® performed earlier by others, to support this

conclusion.

2. Experimental Methods

We restrict our discussion here to water confined in
two types of Nafion, Nafion 1120 and Dow 858, where
Nafion is a perfluorosulfonic acid membrane. These are
the same samples as those used in the neutron Compton
scattering measurements, in order to eliminate sample

variability!”. These are ionomers with hydrophobic poly-

Electrolyte membrane

L]
»-¢ 4
»
Water molecules o -8, _

- o

V
Electrolyte membrane

Schematic of water confined
in electrolyte membrane

Scanning transmission electron
microscopy image of electrolyte
membrane containing water

Figure 1: Scanning transmission electron microscopy
(STEM) image of the wet Nafion 1120
containing water. The schematic on the right
shows how the water is nano-confined in the
backbone of the Nafion 1120 PEM.
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(tetra-fluoroethylene) (PTFE) backbones and randomly
pendant perfluoroether side chains terminating with
sulfonic acids. The ionomers when hydrated exhibits a
nano-phase separated morphology where the water and
ions exist in domains which are only a few nanometers
in diameter surrounded by the backbones™ *' (Fig. 1).
The sulfonic acid group (-SO;H) donates protons to
the water, when there is sufficient water, making them
very good proton conductors, and hence popularly
used as the electrolyte in commercial fuel cells. The
samples prepared were cleaned in nitric acid, and
loaded with water by equilibration with vapor of a LiCl
salt solution, of known concentration for two weeks.
The concentration of water relative to the number of
sulfonyl groups, A, was 14, same as it was in the neutron
experiments. The samples used were first sealed in the
x-ray sample cells while in contact with the vapor to avoid
any loss of water in the atmosphere. The samples were
carefully monitored, by weighing them before and after
the measurements, which showed no significant weight
change. A dry sample was prepared by leaving the
sample in vacuum for five days at room temperature. To
estimate the true background contribution, measurement
of the dry sample (Fig. 2) was performed as background
before filling the samples with water. The signal from
the dry Nafion (for both Nafion 1120 and DOW 858) was
subtracted from that of the hydrated sample to obtain
the signal for the confined water. The experiments
were performed at the BLO8W, high energy inelastic
scattering beam line at SPring-8. The measurements
were performed at an incident energy of 182 keV, at a
scattering angle of 178.3° and the scattered photons were
collected utilizing a ten-element Ge solid-state detector.
For the measurement, the samples were confined in an Al
sample-holder of 3 mm thick, with Kapton windows ("10
um thick) used as the x-ray window and the sample was
placed in a vacuum chamber to minimize the background
due to scattering from air. All the measurements were
performed at room temperature and as large statistics
are necessary to observe the small changes between the
confined and the bulk water, the data were constantly
monitored by checking for consistency, for variation
larger than the statistical accuracy, after every 12
minutes. For good statistics, the total counts in each
raw Compton profile (CP), under the Compton peak was
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Figure 2: Comparison of CP of (a) Hydrated Nafion
1120 (red), and background from dry Nafion
1120 (blue); (b) DI water with background
(red) and background only (blue); (c) water
in Nafion 1120, obtained from subtracting
the CP of background from CP of hydrated
Nafion 1120 (pink), DI water, obtained from
subtracting the CP of background from CP
of DI water with background (dark red).

more than 1 x 10° counts. The measured CP’s were then
corrected for the necessary energy dependent corrections,
absorption, detector efficiency, and multiple scattering,
before converting to the momentum scale utilizing the
relativistic cross-section correction. The CP’s were
then binned at steps of 0.1 a.u. and the positive and the
negative momentum sides were folded to increase the
statistical accuracy. As a part of the comparison with the
bulk water, we also performed measurements of a sample
in the same sample holder containing bulk deionized (DI)
water (Fig. 2), measured under the same experimental
conditions.

For the data analysis, the valence-electron CP’s
of both the confined and bulk samples were obtained
by subtracting the theoretical core electron profile

contribution from the experimental profiles. The
theoretical core-profile contribution was taken based on

10
1 where we

the free-atom Hartree-Fock simulations'
have treated oxygen (1s)’ as the core electrons, and finally
as we are comparing the subtle shape changes of the CP
between the bulk and the nano-confined water, the CP’s
were carefully again renormalized to 8 valence electrons,
for proper comparison. The bulk water profile was in
good agreement with an earlier theoretical model"" and

is shown in the inset of Fig. 3.

3. Results and Discussions

The CP’s for the two Nafion samples and bulk water
are shown in the inset of Fig. 3, and as a comparison of
all the results, the subtracted profile for the two Nafion
samples from bulk water, has been compared with a

2 of the difference between

calculation by Nygard et. al.
the CP’s of H,0 and D,0. The comparison uses a dimer
approximation with the distribution of angles and bond
lengths in bulk water inferred from NMR measurements.
In this calculation, it was assumed that all the reordering
of the electron distribution is due to changes in the
configuration of the hydrogen bond between a single
donor and single acceptor water molecule. It is important
to note here, that this approximation has been used to
satisfactorily fit a series of experimental CP’s for bulk
water between temperatures 5°C and 90°C'".

As is seen clearly from our experimental results (Fig.
3), this previous theoretical model used for explaining
the changes in bulk water is inadequate. The maximum
amplitude of [AJ(0)/J(0)], the fractional change in the CP
at zero momentum (q=0), for confined water is 0.05. The
maximum difference in [AJ(0)/J(0)] between water at 5°C
and 90°C is only 0.003"". With this direct comparison,
where we consider the change is the measure of the
disorder of the hydrogen bond network, the disordering of
the hydrogen bond network due to the confinement is 17
times that produced by the thermal disordering in going
from just above freezing to just below boiling, and 46
times the difference between H,O and D,O at comparable
temperatures. This is not entirely unexpected, as the
proton momentum distribution for the two Nafion samples
compared to that of water oscillations are indicative of
the proton being coherently distributed in a double well
with a separation of the wells on the order of 0.3 A™. The

SPring-8 FIAE 5 2014 £2 7 4
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Figure 3: The difference CP of Nafion 1120 and Dow 858

subtracted from the CP of bulk water. The red
dashed line™ s a fit to the difference (H,0O-D,0)
between H,O and D,O, rescaled to fit our data;
a rescaling by a factor of 46 is needed. The
inset shows the experimental CP for DI water,
confined water in two types of Nafion (Nafion
1120 and DOW 858) and a previous reported "
theoretical CP (green dashed line) of isolated

[ sed] (0)r/(b)rv

yield, nevertheless, very similar subtracted
CP’s (between the confined water in Nafion
and bulk water), within the error bars.

It might also be thought that the
presence of the extra proton, donated by
the sulfonyl groups (and responsible for the
high conductivity of Nafion) is changing
the electron distribution in its vicinity
sufficiently to make up the large difference
in the subtracted profile. Beyond the fact
that there is only 1 proton in 28 which is
free, we have the evidence of experiments
and calculations on LiCl, which is known
to strongly disorder the hydrogen bond
network, that the changes of (1/2) [AJ(0)/J(0)],
from bulk water at similar concentrations of
Li*, are of the order of 0.005. The lack of
a dramatic effect in the electron Compton
scattering is mirrored in the neutron
Compton scattering, where only small

deviations of the momentum distribution

water molecule.

kinetic energy has gone up because each of these wells
is more tightly binding the proton than the covalent bond
of the isolated water molecule. The kinetic energy is
245 meV and 268 meV for the Nafion and Dow samples
respectively, compared to 148 meV for bulk water at room
temperature. The change in kinetic energy in going from
5°C to 90°C for bulk waters is only 0.5 meV.

The direction of the change for the electron CP is
consistent with the tighter binding of the proton, which
we would expect to require a greater localization of
the valence electrons in the vicinity of the proton, and
hence a broader CP, as observed. It is conceivable that
the changes we are seeing here are the result of changes
in the electron distribution in the ionomer due to the
morphological changes that occur as the water swells
the dry Nafion. We think this is unlikely, since the C-F
bonds that describe the ionomer (Teflon) are unlikely to
be affected significantly by the physical displacements of
the ionomer or by interaction with the water molecules.
Furthermore, the two different samples used here have
different morphologies, due to the difference in the size
of the side chains containing the sulfonyl groups. They

5 SPring-8 Information.”Vol.19 No.1 FEBRUARY 2014

from that of bulk water are seen at these

4 Hence we conclude that

concentrations
the quantum ground state of the electron-proton system
when the hydrogen bond network is disordered by nano-
confinement is qualitatively different from the ground
state of a weakly interacting collection of molecules.
Some further support for our explanation comes
from excited state proton transfer measurements of
a fluorescent molecule, 8-hy- droxypyrene-1,3,6-
trisulfonate (HPTS), utilized as a probe for the proton

dynamics'"”!

. The molecule tends to stay in the middle
of the water filled regions in the Nafion. The electronic
state is excited by a laser pulse, which leads to the proton
in the OH group of the molecule being ionized. The
recombination time depends on the transport processes
affecting the now free proton. Assuming a diffusion
process for that transport leads to a t'* dependence of
the rate of recombination for long recombination times.
This is what has been observed in bulk water, while in
Nafion the observed rate is t**. Evidently, the transport
of the proton is not a diffusion process, it would be a
diffusion process for long times as long as the “jumps” of
the proton from one location to another are determined

by the local conditions in the vicinity of the proton as it



moves from one equivalent position to another, and there
is no memory of where the proton came from on the next
jump. One or both of these conditions must be violated
in the transport of protons in Nafion. The Grothuus
mechanism, in which the proton that is moving changes
identity, but otherwise moves from site to site between the
water molecules, does lead to a diffusion process. The
slowing down of the transport of the protons that have
been photo excited in the confined water cannot be due to
the protons reflected off the surroundings, as these would
only speed up the recombination of the HPTS ion with
the dissociated protons. To change the exponent requires
some collective response of the hydrogen bond electron-
proton network to the motion of the proton. That this
response is a property of confined water, and not some
peculiarity of Nafion is demonstrated by the fact that the
same behavior is seen in reverse micelles of comparable
size to the pores of Nafion"”.

Direct confirmation that the electronic state in nano-
confined water differs significantly from that in bulk
water is also found in pump-probe experiments in which
the excitation of the HPTS is observed to decay on a rapid
time scale, due to direct de-excitation of the electronic
state without the return of the ionized proton'®, which
does not happen in bulk water.

The characteristic scale at which the nano-confined
ground state appears is 20 A, the scale of the distance
between elements of biological cells. It would be
remarkable if evolution had such a state available and
didn’t use it. We expect the quantum properties of this
state have a profound effect on the functioning of cells.

Acknowledgements

G. Reiter’s work was supported by the DOE, Office
of Basic Energy Sciences under Contract No. DE-FG02-
08ER46486. G. Reiter and Aniruddha Deb would
like to thank Phil Platzman, now deceased, for many
rewarding conversations and the inspiration to look at
x-ray Compton scattering for a signature of the new
quantum state. S. Paddison acknowledges support by
the U.S. Army Research Office under Contract Number
WOIINF-07-1-0085. These experiments were performed
with approval of the Japan Synchrotron Radiation
Research Institute (JASRI)/SPring-8, Proposal No.
2011A1074.

References

[ 1] W. H. Thompson, Annu. Rev. Phys. Chem. 62, 599
2011).

[ 2] G. Reiter, A. Kolesnikov, S. Paddison, P. Platzman,
A. Moravsky, M. Adams and J. Mayers, Physical
Review B 85, 045403 (2012).

[3]C.J. Burnham, T. Hayashi, R. L. Napoleon, T. Keyes,
S. Mukamel and G. Reiter, J. Chem. Phys. 135,
144502 (2011).

[ 4] D. Homouz, G. Reiter, J. Eckert, J. Mayers and R.
Blinc, Phys. Rev. Lett. 98, 115502 (2007).

[ 5] D. E. Moilanen, D. B. Spry and M. D. Fayer, Langmuir
24,3690 (2008).

[ 6] K. J. Tielrooij, M. J. Cox and H. J. Bakke, CPPC 10,
249 (2009).

[ 7] K. D. Kreuer, M. Schuster, B. Obliers, O. Diat, U.
Traub, A. Fuchs, U. Klock, S. Paddison and J. Maier,
Journal of Power Sources 178,499 (2008).

[ 8 ] D. Wu, S. J. Paddison and J. A. Elliott, Macromolecules
42,3358 (2009).

[9] D. Wu, S. J. Paddison and J. A. Elliott, Energy
Environ. Sci. 1,284 (2008).

[10] F. Biggs, L. B. Mendelsohn and J. B. Mann, At. Data
Nucl. Data Tables 16,201 (1975).

[11] C. Bellin, B. Barbiellini, S. Klotz, T. Buslaps, G.
Rousse, T. Strassle and A. Shukla, Physical Review
B 83,094117 (2011).

[12] K. Nygérd, M. Hakala, T. Pylkkéinen, S. Manninen,
T. Buslaps, M. Itou, A. Andrejczuk, Y. Sakurai, M.
Odelius and K. Hamil&inen, J. Chem. Phys. 126,
154508 (2007).

[13] M. Hakala, K. Nygérd, S. Manninen, S. Huotari,
T. Buslaps, A. Nilsson, L. G. M. Pettersson and K.
Hémalidinen, J. Chem. Phys. 125, 084504 (2006).

[14] G. Reiter, J. Mayers and T. Abdul-Redah, Physica B
385-386, 234 (2006).

[15] D. B. Spry, A. Goun, K. Glusac, D. E. Moilanen and
M. D. Fayer, JACS 129, 8123 (2007).

SPring-8 FIAEEIEH. 2014 F£2 8 6

RATDIFH 55—



— FROM LATEST RESEARCH

REAFARRERS |
T/ Ry MEZ (B OE ML —UFHiEiaR{LER
—RIAAHANL -V AR ZBIRELT—

HHRRSE RAABE LA7ERE
i 5

Abstract
P79 A=y 7088t Zadskma e, T Fy MHZMEL 22V EE T 52X IR0 -
GRS E HIF L <. HEMME Ge(SbyyDF /7 Fy b7 LA ZERL, 20D L —yiEks s bistt
ZEMIL 72, E=A74 v BL4AOXU O R v 77 a— 712 X 2508 XARRPT (XRD) & A RE{L e
DOFER, E - & 50 nm D Ge Sbyy 7ENLT7 7 ZAF /7 Fv b, 300 ¥ aBouifiit L —FEEHZ i
IR LRI R 2R T 2 E MR S N, 7, -5 b OB RN ERE R O TRIC X D
15~20 ns ¥ CHIffi S 47z, 2o DOFfEHIZ, HEF 7 Fy b3, SEE - S AOBEE R 128 H il R

BRT VUYL EATLIEERT,

1.1 EU I

DVD ® 7L —L A 74 A 7 HDEBHN T 1 A
703, REHE TABEESEDOX —FT N4 2L LT
IS E R LTS, ZDDEEE 722 X €Y EICIE,
GeSbTe =JuA4:iE ' £ AginSbTe %o Sh ~—
2 A B s AR EE 2
BlEBsHwsNTED, L—YFHL it —T7 €
V7 7 AR O LRSS 2 L 2 BRI A U, KRE 7%
KRR BT 2 P, BT 27 AF 4 7R
i, RIREED &V, REACET 2220 F —
PWNZWEDH N ZROZ Lo, BRI
HIF2TFTCINTFT—FDRIFIE RS, VbW 3 H
MW7) = 7—=hA4 7 LTOHFELRKRE W,

kX eV Icimd CHEE 2 2 D%, A, Gl
R (BE) LidbbdETh %, EE, T4 A7
ICE T HEEE X OHEE R EIZERRETH % D5,
g, BEEEAICHVW AL - E— L2545 RIC
MR D 2 EDBRITENZ LItk b, X E Y i
Z T 1o L—FE—20% TRy RT3 L,
CNFET, RUVEZABARROMIRS T ET,
X O/NEhFeELBTCELTINE, ) ML
MHINnZ W E WY REETH B,

100 GBER (3@ D7 NV—L A F4 27 DA
Befe A 1405 nm O FEAR L — L BHITENA:0.85
ONYIL v X2 HWTo 0.11 um £ TOR/N<—
rEEELTwE W, X0 EEE LTIk A/

7 SPring-8 Information.”Vol.19 No.1 FEBRUARY 2014

NAfEZ/NE L TR VLDED, FEREER TR
NA @ ERIZ1TTH D RFUCE N, Fh, A Z2%HN
AN EHfticy 7 P LTH, BIERL v X%, R
T ANOFFNIAEE I E C %2 % ko, PIfFCE 2%
JETA) 1 2 BRI & AR 2 B 1 IRE T E A
Vg

Lo Lads, ZoMEIEESEER (7 7—7 4 —
VR ICB O BRTETH D, 1o L CREERRNT
HRFUCBEOH 2 DTE R\, 22T, =7 74—
VR GEEES) DR IcRa I T s BT
BTYH, T 7Ry 7 IaESE A5 R,
B nm~%F10 nm & & | FERDIRAZ L2 0 1H 2
LMD Ty HME S AUBH ) 7 S B R O R
Fyve AT Y, &5, AEMEZ K
DFENED S NN L7 F , Fy v 7L A1{bE T
% 2 LTI L RIS O SRR R L
XD s AR S TIRE & 2 n 1 L L
TV, oMo TRy Z2F->TH, K
() D ETRA Y I7BATLEIDN,. 7/ Fy
FROBAVBNILBDLENIA A= TH S,
ek, ZOXRMRAET 4+ 2 Z7IRETIZ 2 O DEAFE
HHENH D EEZ N, 12 F /A XD TR
Vi mbWNIZF By b P LA DBMENDZ DD E D
BRI, o 1 DM B Z 7 F vy M
L 72BROREDI E 9 72 B DI & ) MEHEE T H
%, —fic, HZLESR TR B 2213 &



7 BN 7 7 AADREN LK RALREDME T 3 2 I
BHISN T3, 3L TH/ Fy Mudnfg
bbby i bR 2 R T D, FRERLE
B E R T O, T/ By MHZEH R
ST ADPEPERODE X KA VP ER D,

< LT, 20104E & h o B IARFZE 3 TREAR
WA b L —BAFED 7 DMLk M Rlo © v
RA v PREEF . 1ICBWT 50 nm # (LR E D)
DOMZF / Fy b7 L4 2EHL, Z20L —¥5F
s A AL 2 R 3 X R (XRD) 8 X O
EIREERZL E LTINS 2 & 2iar )

2. REEHE
2.1 GeoSbgyF/ Rv MRRIDIES

FEREPE A 2D F 2 By bbbtz ERL L
7oo 1 2o0d, BFE ), © o —RE2 RIS L %
NRY =V RF 4 A7 EICHEEEZ 28y %5 3
HETH s M, y—ry bk F 4 A2 MR
DEZERLIES I LETH/ ET— EHDO AR
HEIN, WL F/ Fy b7 LA DBEs Nk,
Z DalBHI B A 2 1 RURHE i S PIRE e DT, R
VIEMERIESHRB DI, 9 101,
Si M ISR L 72 28w # % . BT — L il
ERIEETy Fr 7 EHGTHEILF 2 Fy MET
L1 TH 5, VEEUZKREEDSD D> % 23,

AAA

.}

%

1 100nm TiO, 15 nmSb 3 nm

100nm,

ZnS-Si0, 5 nm ,—f—ﬁ—’ﬁ—‘ GeShg, 50 nm
Zro:; ~Cr263 5nm —— —— Sb 5 nm
Bl
oSt 50 nm : SiN 5 nm

By A — NiCr 20 nm

Zr0,-Cr,0, 10 nm
Ag-alioy” 4d nm
UV-resin 25 nm

A

SiN 5 nm
ZnS-SIO, 65 nm

SiN 5 nm
100 nm Ag-alloy 40 nm

<>
500m
glass
a)

GeoSbgy 7/ R MBI D SEM & & B D&
R 1 a) 7/ ES—HEL b) EB T (Y

b)

X1

P25 0.08266 nm, 1.98 x 14.7 pm? at FWHM) %
7z B9 e s LTk, WIEA B 7O F
#HifEE — F (1/14-illing + 12 bunches) o filling
B (SvF LA U W 342 ns. JA#]948.98
Hz) 2V 7% —TUYHH LML 2, Mm%
Ge,oShyo il CEIfifR) DRI E— 2 (012), 17
IZADE, 2L AMR300 ps DNTHA L — 5 Tl

> ey s = 30-pm-¢
F+/ Ky FEDFERTHEPIRIESI N D D T——— PHagE ;[)inhole
- N i LY > Xu 1 DiSC
T, —‘:@@%%1&@@ & %X_ 5 ﬂf:@% RF cavity Mirrors  Slit Sell:::);;l ¢ Slits [ZJ?:; ‘ -\rotation
BCfEBLZ, wIhoBay, Ml el § 2\3
PRHZIE GeyoSbg & W7z 7ENLT 7 \\ il Jite \v’ Lent Avagche
A W(ﬁ_"é@ GelOSbs,o’EE@" %ﬁ@%}%%iﬁﬂi - -———— g:: ——————— sed laser photodiode
THHRDNT 4 A7 Z BB L TE D, RF master Trigger & clock B
oscillator module

RV THDOWNENER, AN E D = v
NV AR R T 2 BDEH U IAD BRI,
fEmOER RSN EZEB I N TS (¥
1), 20, [FEMROHEEM T E

-« 1053756 ms |

< 47898 s
round trij
{ ») 175 bunches

'80.85 mA

342.1 ns 1.6 mA/bunch
).7

At —F—oL—FHRTHaLTs O -1:1_1 N -
S e STV S 0, HE ("’:::’::""'*mi‘;’op JI —
ZEYREDZEE LTI 7L A LI s
EHEBI L 72 B 2o, T ——

o | Il Q. 2
22 ERYZT L Memory ¥ ¥ YV 4y v 3
XRD 925#12 1, SPring-8 D E — 4 F ?mgqyryyyMﬂ;_ E\m4/

A4 v BLAOXU IcHEE L 7= R v 7 GER
AL —+, HES00 nm, 14 x 74 pm®
at FWHM) — 71— 7> 2 7 & (G,

X2

BEoEl XRD EEOty N7 v 7 FRIEEEY AT A
TRIERY Z77O0—T D5 A LhF v— K

SPring-8 FIAEEI1EH. 2014 F£2H 8

RATDIFH 55—



— FROM LATEST RESEARCH

HiIB2 D [ PT Kk oD 3 L 284K % B IRE i % L C 1.6 ns
DIFFHE Y FTHI Y P LT, TOBE, 7 avy
FTRZEDMBUN DT, v a vy b DI E”
B X9 C_ERda 2 BT nl~%t e, DR L,
XREVIZTF =8 Z2ror iz " (K2), i, A
TR —~F/ Fy bTlrAR{7yyay M THE
BoFr /7 Fy b+ (1200~1300 F v +) 2—$E1L T
BUHEHE S 2 Hik% & o7z,

3. KBREREER

3.1 K23 XRD

GeoSbgyF+ / F v bl ko 1 8K 53 # XRD
fiRZ2M3EITRT, A —TIFR vy 7T 2L
¥—2ZL L 25acHS L, »ihd 100,000
Yav bOTF—F2MELTWw5, S/BIFEHMER
VA RVA, S T ¥ — 7 BRI o R Y HE
BhmAalng, $2bb, 300 ps DL — G
#%. BE X 2 70 ns OIFHEBELTHTHRIEDEA L |
100~200 ns DR TR L T2, T4bb,
TENT 7 AIRED GeSbyyF / F v ki, 300
ps £\ T L 2D L — Y IEEHZ IR L TG

(1v) 238 nJ ]

(a)

90 |

70 ¢

(iif) 212 nJ

50

70

5 (ii) 186 nJ |

70 t

50 (1) 160 nJ -

Diffraction Intensity, 1,/ counts

70 ¢

Reflectivity change Rc/Ra, Ir

50

:. | L 1
200 400
Time Delay/ns

1
|
0

X3

w9 %, HL., X#nPr ot nl6e 2 K & 2265
REDEL 2 FTlcix, 70 ns BREORRHEN DS H
52 Db ot,

3.2 REEDOREZE(
KHPREIZ, By 7HE2ERNAL = (R
800 nm. ¢ 22 um at FWHM) %, #HtalL —
# (JE633 nm, ¢ 12 uym at FWHM) # 7o —
7HELTO08 ns DIFHIE vy FTY 7L A4 L
WL 72 (K3%), MEEZIZ XRD LIS 202
B 2HREZR LTS, RrevJiERIPLE L
L., 15 ns i TRES KBTS 2 &) Kb
KIS 2240 XRD ICiE R ot wv, 2
UK LT, 70 ns (D & O REFERIA L 150 ns
VB TORMBISR X, XRD D2 X S WG L T
W3,

4. GeoSbeyF/ Ry hDiERILTOEX

L — L L 72 Ge,oSbyy 7 €L 7 7 AT D K
FHRZIT OB TE, B Z2BIRSTTITlE S
NTEH, KENEOZEH) : LR A > LRI,

\(a) Nano-dot without Sb layers
M WM"‘W’\/\/"“!

(b) Nano-dot with Sb layers

\W ainaats

(c) Blanket film without Sb layers

T

(d) Blanket film with Sb layers

‘;‘2
R A 4 "Z“
0 200 400
Time delay/ ns

BLORNEZI (5 BRE2#6.4 ns)!

9 SPring-8 Information.”Vol.19 No.1 FEBRUARY 2014



g2 R S LA — RS S 3 %

LRgEnTws U i, AR TORSY

H#H XRD D FEHEEMAZ S Z £ T, GeSbyy T/

Fvy oL =yt 7a e 23 TTo k9 i

FHHTE 3,

(1) v—¥ldatic X b i s+ /2 Ky bric
XRD TIHEBNC 220 5 WAl 2 58 (H 32
VIS SRR R DSTERR S ., Z otk
WRED FEVC X b BRI LE T S
HEIICHEST L. KR ART 5 (0~15
ns; X344),

(2) 23TFH/ Fy b OB RGBS ICEREL C
wELL (FRH, (@)~(c). KA IR
L% (15~70ns),

B)@ﬂ%iﬂlﬁﬁ CEE R LGS RIS e (A

EE. F37EL7 7 AMHEALT)
ﬁU‘?ﬁﬁHHﬂﬁT%o Z DI, FEERIIZAE S E
L XRD TSN 31282 (70~150 ns),

78, HBEEP@( ) TIXEBR R, L—

VI IER 2 o IR LT 2 MRS s,
B AT, Sb N—2AMHE LM EHZ BT, Sb JH+

mnﬁﬁmx PR IR F el i LI B3 A
U2 ZEmEIncns )

DL EoFEFERIZ, BEE aBo L —FIHE T,
F 7 Py FEsET N4 ADESE. WEITRETH 2
ZEERT,

5.4/ Ry NRBROREE (ELEEHIH)

M 3265005 k) IEHE»r6D (F7id7EL
7 7 AMENLTO) TSR, o
FNVFE =5 NICTFNANAL ADORERICKE SREL T
W3, k2R, HETIEF Ry P XD KR
g (PG s ) 258w 2 & ARk Sb > — FE
DAL KHEREZ 7S A LTW3 I EDBbh
%, ZtUTkh., 7/ Fy rilBlofEfR e TAT

U, 2 AOFREMGEE 2S5 2 L 25H[EET
HaHZERTFHUMI NI,

X4 1%, FsppRRE A U B0k % I 5 3
= DTN DAREMZ G Rk & L < NiCr 8
ZH ALY /7 Fy Falkt (EBINITLA) TORr
#H XRD fE R TH 2, M3AHD, RADKGHK 5
WX %854 27 (20 ns {32 T), [EIPT5R
EDERL Tw3b 2 e, ThbbiEfilcs sz ni
FEBAGERENEIL L TWw3 2 E2ME»D ST,

RALDHFED S

P ()]
[ =)
(=) S
L]

S

S

S
T

—

350 120 ns

300 f 15 ns

Diffraction Intensity , 1,/ counts

250 :l 1 r 1 i 1 A 1 i 1 "
0 50 100 150 200 250 300
L—4 R4 (300 ps) Time Delay / ns

K4 NiCr&zhExBIEALK GewSbe 7T/ Rv k
DEEHE| XRD £58 (BFR#%4.8 ns) '

6. Fx&H

F 7 Fy FHEAHENZ, CoRETRA (FE
FRFL) ISR 2062 £ ) ORLEREE DORR % T
L, HENE ) =T —=h A 7T AT ZEHT
2HNTFED 1 DTH S, S, KoEl XRD,
BB SRR o FF R 2 M4 L, 50 nm kD
GeShyy 7/ Fy b2’ a4t —8— L — ¥k
THEMALT 2 2 L Z2HER L 2o RO AT v 7 TlI,
20 T X H/INZWwF 2 Py FCTOMER, &
BB LS bR MRS SR S s,

A

$ﬁ%@ﬁ%u\ﬁﬁﬂm%%(%ﬁﬁ%
2010A0030~2012B0030) o 4 i [ %2 & L.
SPring-8 ¥’ — A& 7 A ¥ BL40OXU TH 6172 DT
T, A HEET 29 2T, HFEEE L L TIR
Nl Z iRzt Oy =y 7). JIIA
R (v =—), KRR, mleeedE L, %
FEA A T KRt (JASRI), HI A A,
AL G KELS BILEHL LT,
¥ 7o, BEZERGRIO T4t B, IR
o2 n WEEEE A R B R, AR
RSN e IS S VR 8 i e S VI 4 N (R B A v € Ol o
NFy =y ) BEINEEEL Gosry=v 7).
B RIG, B MER, i EwiEt (Vv =—),
EHE RS (BEPF) 2 L TR 8135 2
BARE DBERRICR B2 L £,

(1

SPring-8 FIAEEHR 2014 F£2 A 10



— FROM LATEST RESEARCH

25 Sk

[ 1] N. Yamada: Phys. Status Solidi B 249 (2012) 1837-
1842.

[ 2 ] H. Iwasaki, Y. Ide, M. Harigaya, Y. Kageyama and 1.
Fujimura: Jpn. J. Appl. Phys. Part 1 31 (1992) 461-465.

[ 3 ] M. Wuttig and N. Yamada: Nature Mater. 6 (2007)
824-832.

[ 4 ] T. Nishihara, A. Tsuchino, Y. Tomekawa, H. Kusada,
R. Kojima et al.: Jpn. J. Appl. Phys. 50 (2011) 2503.

[ 5] S.Hosaka, T. Shintani, M. Miyamoto, A. Hirotsune, M.
Terao et al.: J. Appl. Phys. 35 (1996) 443-447.

[ 6 ] M. Shinoda, K. Saitoh, T. Ishimoto, T. Kondo, A.
Nakaoki et al.: Jpn. J. Appl. Phys. 44 (2005) 3537-
3541.

[ 7 ] 1. Tominaga, H. Fuji, A. Sato, T. Nakano, T. Fukaya et
al.: Jpn.J. Appl. Phys. Part 2 37 (1998) L1323-L1325.

[ 8 ] T. Matsumoto, T. Shimano, H. Saga, H. Sukeda, M.
Kiguchi: J. Appl. Phys. 95 (2004) 3901-3906.

[ 9 ] B.C. Stipe, T. C. Strand, C. C. Poon, H. Balamane,
T. D. Boone et al.: Nat. Photonics 4 (2010) 484-488.

[10] T. Shiono, N. Yamada, K. Matsuzaki: International
Patent Publication (PCT) 2013 WO/2013/021625.

[11] T. Iida, A. Nakamura, S. Hidaka, M. Tamura, T.
Shiono et al.: Applied Physics Letters 103 (2013)
041108.

[12] T. Shiono, K. Matsuzaki and S. Furumiya: Optics
Express 21 (2013) 25533.

[13] N. Yamada, R. Kojima, K. Hisada, T. Mihara, A.
Tsuchino et al.: Adv. Optical Mater. 1 (2013) 820-826.

[14] K. Suzuki, H. Kobayashi, T. Sato, H. Yamashita and T.
Watanabe: Proc. SPIE 8166, Photomask Technol.
2011 (2011) 81663B.

[15] C.N. Afonso, J. Solis, F. Catalina and C. Kalpouzos:
Appl. Phys. Lett. 60 (1992) 3123-3125.

[16] N. Yasuda, Y. Fukuyama, S. Kimura, K. Ito, Y. Tanaka
et al.: Rev. Sci. Instrum. 84 (2013) 063902.

[17] P.Zalden, C. Bichara, J. van Eijk, C. Braun, W. Bensch
etal.: J. Appl. Phys. 107 (2010) 104312.

[18] C.N. Afonso, M. C. Morilla, J. Solis, N. H. Rizvi et al.:
Mater. Sci. Eng. A 173 (1993) 343-346.

[19] J. Solis, C. N. Afonso, J. F. Trull and M. C. Morilla: J.
Appl. Phys. 75 (1994) 7788-7794.

[20] T. Matsunaga, J. Akola, S. Kohara, T. Honma, K.
Kobayashi et al.: Nature Mater. 10 (2011) 129-134.

11 SPring-8 Information.”Vol.19 No.1 FEBRUARY 2014

WA £ YAMADA Noboru
RPRF KFERIFMER MHRIFEK
T 606-8501 REBTHARX = HAHR

TEL : 075-753-5571

e-mail : yamada.noboru@kyoto-u.ac.jp




Long-term Proposal Report 2
Nuclear Resonance Vibrational Spectroscopy (NRVS) of Iron-
Based Enzymes for Hydrogen Metabolism, Nitrogen Fixation, Small
Molecule Sensing, DNA Repair, Photosynthesis, and Iron Storage

Project Leader: Stephen P. Cramer"”
Other Members: Hongxin Wang'?, Christie Dapper’, William E. Newton’, Hideaki Ogata®,
Wolfgang Lubitz*, Jon M. Kuchenreuther’, James R. Swartz’, Nick LeBrun®, Yoshitaka Yoda’

1Department of Chemistry, University of California, Davis, CA 95616

*Physical Biosciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720

*Department of Biochemistry, Virginia Polytechnic Institute, Blacksburg, VA 24061

“Max-Planck-Institut fiir Chemische Energiekonversion, 45470 Miilheim an der Ruhr, Germany

*Department of Chemical Engineering, Stanford University, Stanford, CA 94305
%School of Chemistry, University of East Anglia, Norwich, UK NR4 7TJ
"Research & Utilization Division, Japan Synchrotron Radiation Research Institute (JASRI)/SPring-8, Sayo-Cho, Hyogo, Japan

Introduction

Nuclear resonant vibrational spectrascopy (NRVS)
involves scanning monochromatic (~1 meV) x-rays
through a nuclear resonance (in this case *’Fe) and
monitoring transitions that correspond to vibrational
modes. Over the latest phase of our program, we have
used NRVS to monitor the reactions of small molecules
with Fe-S proteins. The systems that we have examined
include [FeFe] and [NiFe] hydrogenases that catalyze the

conversions between H, to electrons and protons, and
nitrogenase, which converts N, to NH;. We also work on
Fe-S proteins that bacteria use as sensors of NO and O,.

O, & NO ‘Sensor’ Progress

Fe-S clusters are important targets for NO-related
physiological signal transduction'” as well as toxicity
via interference with respiration and DNA replication'.

For example, the tuberculosis-causing bacterium

DNA
binding
domain

[Dimerization
helix

[4Fe-45]+ x NO —— ?

DNA
<—— recognition
helix

Iron-Sulfur
binding
sensory
domain

0 2Io 4Io 60 slo
Energy (meV)

Figure 1. Left: evidence for tuberculosis in the lungs, and the bacteria that cause it.

Middle: a typical Fe-S

cluster sensor protein. Right: NRVS spectra for the natural (black) and NO treated WhiD proteins.
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Mycobacterium tuberculosis uses an Fe-S cluster protein
to sense the presence of NO and O, via its [4Fe-4S]
cluster (Figure 1 left and middle). We have continued
NRVS (Figure 1 right), EXAFS, and Mossbauer studies
of NO reactivity with the WhiD proteins from the
LeBrun lab. Our data showed that multiple NO ligands
were bound to each Fe, but we found no evidence for
intermediate species with substoichiometric amounts of
NO. It appears that once the reaction with NO starts,

subsequent decomposition steps are fast.

[FeFe] H,ase Progress

In the [FeFe] subset of H,ases, catalysis takes place
at the so-called ‘H-cluster’, consisting of a [FeFe]y
subcluster active site linked to a [4Fe-4S] cluster via
a cysteine thiolate sulfur (Figure 2). The unique Fe
subcluster site has multiple CO and CN™ ligands, as well
as a special bridging dithiolate with most likely N in the
central position. In Clostridium pasteurianum H,ase
1 (CpI)D], Fe is also present in the ‘proximal’ [4Fe-4S]
cluster that is part of the H-cluster, in an additional three
[4Fe-4S] ‘F-clusters’, as well as a [2Fe-2S] cluster.

As seen in Figure 2, despite the presence of many
other Fe-S clusters, by selective enrichment we were able
to enhance the signal from the [2Fe] subcluster site. The

characteristic bands in the 500-600 cm™ range come from

the multiple Fe-CO modes of this cluster. This work has

been published in Biochemistry™.

[NiFe] H,ase Progress
In the [NiFe] subset of H,ases, catalysis takes place

1. In this active site, Fe is

at a Ni-Fe bimetallic center”
linked to Ni by a pair of cysteine thiolate ligands. The
unique Fe site also has one CO and a pair of CN™ ligands,
making it the first organoiron center to be discovered in
Nature'”. [NiFe] H,ases invariably possess additional
Fe-S clusters that relay electrons to and from the active
site. In the case of Desulfovibrio vulgaris Miyazaki F.,
this chain consists of a conventional ‘proximal’ [4Fe-4S]
cluster, a ‘medial’ [3Fe-4S] cluster, and a ‘distal’ [4Fe-4S]
cluster with 3 cysteine ligands and a histidine ligand, as
illustrated in Figure 3 (upper panel).

As illustrated in Figure 3 (lower left), when the 400-
650 cm™ region is magnified, peaks emerge that have
intensities and frequencies consistent with Fe-CN and
Fe-CO stretching and bending modes. In particular, the
oxidized protein has two bands with maxima around
542 and 582 cm’, that shift to ~ 547 and ~ 605 cm™ in
the reduced sample (reduced data not shown). These
bands can be assigned to Fe-CO stretch and Fe-C-O
bend modes, respectively. As frequently noted'”, strong
Fe-CO backbonding pushes the Fe-CO bend mode (in

Energy (meV)
0 20 40 60 80
L a Cpl-ave 1
oxi-[4Fe]Fd

"Fe PVDOS (cm)

oxi-[4Fe]Fd ]
red-[4Fe]Fd

400
Energy (cm™)

600 800

Figure 2. Left: The structure of the active site in [FeFe] H,ase. Right: (a) *'Fe
PVDOS for *’Fe-enriched Cpl [FeFe] H,ase (—) vs. oxidized D14C Pf (—);
(b) °’Fe PVDOS for oxidized (—) vs. reduced (—) D14C PfFd.

13 SPring-8 Information.~Vol.19 No.1 FEBRUARY 2014



Large subunit

. .
PRB. | 5 His188
: g | )
“{\ e b«sss
Cys249 ,
|sta| [4Fe4S] co
e
Medial [3Fe4S] Ni CN- Ser502
. ] I N
Proximal [4Fe4S] Cys231 3%
N, @
Cys252 W’ Argd79

PVDOS

. A g'c clchasOe mmchmdte

International Edmon Chem’e

wwwangevantiears
i 2013-52/2

<=

<—F$§>

i

: NRVS

Fe-CO
«—r

Fe-CN
+«—>

0 200 400 600 WMWW_VCH
Energy (cm )
Figure 3. Top panel: The structures of the Fe sites in [NiFe] H,ase. (a) overall view of the enzyme with 2

subunits, the catalytic Ni-Fe site and the electron transport chain; (b-e) detailed views of individual
clusters, including: (b) ‘distal’ [4Fe-4S] cluster, showing Cys;His ligation, (c) ‘medial’ [3Fe-4S]
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this case at 582 cm™) to a higher frequency than the Fe-
CO stretch mode (in this case at 542 cm™). Density
functional theory (DFT) calculations have also shown
1 The small
shifts to higher frequency with reduction are consistent

that the bend mode mixes with a ‘tilt’ mode

with the well-known inverse correlation between vp, and

Veo in FeCO complexes” '

. This work was recognized
as a cover article in Angewandte Chemie (Figure 3, lower

right).

More recently, we have pushed to higher frequencies
to observe bands associated with Fe-H or Fe-D motion.
In a hydride-bridged model compound, we observed
not only Fe-H/D modes but also a characteristic Ni-H-
Fe ‘wag’, and a candidate Ni-H-Fe ‘wag’ mode was also
seen in the reduced Ni-R form of [NiFe] H,ase (Figure
4). This confirms that the hydride in Ni-R is a bridging H,
and it eliminates other candidates that involved H bound
solely to Ni or Fe.
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Figure 4. Left: Recent data on a model compound showing not only Fe-H/D modes but also Ni-H-Fe
bend (‘wag’). Right: Observation of candidate Ni-H-Fe ‘wag’ mode in [NiFe] H,ase.

N,ase Progress can also produce C,H, hydrocarbons from CO"*""
Nitrogenase (N,ase) is the enzyme responsible for  and even CH, from CO,"**”. We have used NRVS to

biological nitrogen fixation"”!. In the Azotobacter  characterize the effects of CO bonding on the normal

vinelandii (Av) Mo-dependent nitrogenase (N,ase), this modes of the FeMo cofactor.

catalysis takes place at an active site MoFe,S, ‘FeMo As seen in Figure 5 (right panel), dramatic changes in

cofactor’ (Figure 5, upper left). It is now known that N,ase ~ the NRVS are seen under high-CO conditions, especially
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CO-inhibited

0.02

0.015

=4
o

Fe PVDOS

0.005

0

0 80 160 240 320 400 480 560 640
-1
Energy (cm )

Figure 5. Top left: structure of the N,ase MoFe protein structure around the FeMo-cofactor for the
wild-type enzyme. Bottom left: one of the structures proposed for CO-inhibited wild-type
enzyme. Right: °’Fe NRVS for wild-type (top) and H195Q Av (bottom) N,ase under as-
isolated (—) and high-CO (—) conditions.
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in a 188 cm™ mode associated with symmetric ‘breathing’
of the [6Fe-X] central cage of the FeMo-cofactor. Similar
changes are reproduced with the a-H195Q N,ase variant.
In the frequency region above 450 cm™, additional
features are seen that are assigned to Fe-CO bending
and stretching modes, and these assignments have been
confirmed by observation "CO isotope shifts. An
example of one of our candidate DFT models to explain

CO inhibition is illustrated in Figure 5 (lower left).
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EEBAAROEHZHEWIIT> TS, T—
& JE I 1F M E B %S L 72 BECQUEREL (Beamline
Experiment Control - QUEue and RELax) % fiiff|
L. HEMbAZFEBL b, £, T8y 7
I ATSAS T X 2 it 2 M@ EB) S &, WED S
fENTE THRA 774 MEI NIy AT LR EBIL T
Wi, £, I 2w E— FHIER X — L
AVHEDFEMLTVDEE W) T ETHo, 2D
oAb, ST 74 o E, E=L 740D
BRI 721 Tld 7 <. SAXS FJH A D JE DMK <
72 D A0 & OFHIEINC S HR T2 TH A 9

EMBL Hamburg @ Melissa Graewert [ %
PETRA-IIl ® SAXSE —A 94 VIZEHAL TW
% Malvern system |22\ C# & L 72, H D
SAXS E— A 74 »Tld, MEr sy 4 ZAPEER 2
< b7 74— (SEC) Zuifh L. MIEERFICH
STEORST % Sy HEL THIE S 2 HENRRCHw e
%, ZOYAT LTI, SEC DIEHED UV JllE 7
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Tl < TR L EIGHEGLZ JE L, IREEDL
S EEl D 7 BRI A E D &
N5, Tk h, WEL iRl FED X b EEH
129372 ) SAXS 7= R OBIFIc e 5 L) &
ThHoTz, FdIcx Ui, W@ IR0 D R
SN ECHHTE R VLD TR &V )
Bhotend, AE—FIDLIDVHDEHT—F %
B HHTEALLENR) ZETH D,

Luebeck X 2 @ Manfred Roessle K 1&, SAXS
DM E G D e %2 K2 %5 SAXS-CD 122w T
GERE L 72, SAXS HIE TIEIRE D A RV IR 55
DRI ) == T EDDIZ K DEAFOHEL
HE DS ABRIZ 72 B, SAXS-CD X, kX Ay v
7OV E TR EURHE 217 9 72912, Compact
Disc (CD) @ & 9 %BIR%Z L 72 FR IS INKEE %
LU, 2hzbiEIE 2% 2 LTI THRRDIE
HGRITIMEHATH D, £/, ZDE £ SAXS Dilll
ELHEETHDEVHI I ETHoT,

SAXSORAH & LTUTO3HZENT 2,
Copenhagen ‘K % @ Pie Huda [ &, SAXS %
FH > 72 NanoDisc o # 3& fiff 78 12 2 \» T i L
7z, NanoDisc Iz R & # ¥ >~ 8 78 (Membrane
Scaffold Protein: MSP) CTH N 7-FE ~HEFE T
ZopicEENEZMHAAL 2 EHRS 2 LY
5, ANELERBEEAOHEICHHTE 3 LIHfFI N
T3, KFEHTIZ, SAXS 1T X ZHEEIEICE L
7B @ NanoDisc DEEITEDRFE & Z DI
ELTRIT AT IL TV AR=F—D SAXS IT X
LRI O W THRE D H - 72,

a2 — 3 )V R4 D Lois Pollack K1 SAXS % v
72RNADY A F I v 7 A, STHEMEAERIZOW
TOWFEIT D\ TRl L 72, R0 #] SAXS, K+
T2, anomalous SAXS ¥ w5 Z & T,
B DA T v DIRFEAlEADRNA D7 # — )L T«
Y H T 2 BB, RNA O L, 2141 A
YOG ERHGPICL 7, SAXS @b ORHEE HIY
WIHL TWF 2 2 LT, MMk cis L
DR EREBR VLR TH - 7,

Basel K % @ Georg Schultz X %, Scanning
SAXS w7z v itk o F 2 K& o wigEic o
T L 72, 5x20 pm* D E — A4 % v T 100 pm
ATy 7OV R Z 206 ¥ v L, ST
U v DO ARRRLR 2 RGE L 7z, HOGREER T I3 Bt
TERVIZY VORI ZRD S ENTE 00
Ay FEWwH) T ETHoT,
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Macromolecular crystallography (CE89 % 88
KRS

DXy arTlE, ¥ v 7Bk GRET
E— A7 A4 VBT 23, 7 v H DR
A G IS BT 2 5D 24 & - 72,

SOLEIL ¢ Andrew Thompson (. #i# DR T,
FATE— L THuli =4 *x —% — & PILATUS %3
39 2 PROXIMAL &, 10x5 um*® € — 4 H3F]
THE 72 PROXIMA2 D2 KD E — L T4 VIZD\WT
AL, E—LIIEFICREL TE Y 2 DEE,
+15 um/month, 1 um/30 min T& % Z & Z M X
T, £, 7—FMWEHIC2 msec DA v ¥ —
NILT, 6HEFTIDAA R E =LY %2 F 2 7
LTw3 DI ETHS, D13 PIXEL B
HERE L =4 X =% — 2 M7 = HEDEE
Thol, ZOMAAEDLEIZSSAD D X ) IcHE
WICHME 2y v 7TV OREPBE R L ZICHH
THD BT T, il =4 X —% —2HH
TAHRBICHIESRM 2 ST 32 7' v 77 4 % Global
Phasing LTD ¢ G. Briconge & & [ BHF L T\
52k, £, L = X — & — MO BER I il
%69 2 D% B {72 ® 12 Anti-collision DS 257 L b
LT3t ThH2,

Lund K% ® Marjolein Thunnissen [{i%, MAX
IVOMXE—ALTFA I DWTEEMEL 72, MAX
IVIEZAY 2 —F v CTERDHEA T S HIEL 7L
¥ — 3 GeV, JAPHES28 m, HEES500 mA D
B LB TH 5, KV 2y & v Z2030.24
nm.rad ¢, PETRA-III % & \» T Fig/h oK =
SvI VAV T ERD, R I vy v AR HEE]
T %7127 bend achromat ZH L T3 & Ww
I ETHol, TORII vy v AMFEEFIHL
MXE—AL7A4 Y 2ARFHBINT NS, ZD0DE
210, BIoOMAX EMEIZN B E—L T A T, E—
LY A RX10~100 pm, 74 b ¥ 7 7 v 7 A2x
10" photons/sec DYERET, NA AV—T v b F—
SHERZHKE L, 2016FED 12— —FHZ DX
LEHHEDSEA TR S E W) T ETH-z, ) 1A
DE—LF A4 I3 MicroMAX EIEIF 5~ 70
T —NAE—LIFA4 v TH%, m/N0.71x1 pm®
T2x10" (photons/sec) ZHIELE—L 54 v
T, BIOMAX THIETE WM~ L% ¥ —
7y hET 3, TOE—LF 4 TlE, XFEL TfF
HH T\ 3 Serial Crystallography & FJf$3 & v
VIETHD, Fle, 2= kA T arE LT,



74 b7y 2 A0 HEDOE Y 7 E— L%
TE5LI9ICTHL VW) T ETHD, HIKibR &
HIICMAX IVIZEZ S v ¥ v R ) 7 TH 5, il
Drvar (v ar7: Source and method
development) Tlx, ESRF DL 3 v ¥ v 2{kic
f] 1} 7= Phase II upgrade I2B1§ 2 #H23H - 7=,
Z3UT k3 L 0.13 nmrad DKL I v ¥ v 22 KB
L. 2% MH L 70.5x0.1 um*, 6x10" (phs/s/
um?) OMX E—AL 54 Vv 2HELTw3EDI &
TdH %, SPring-8 THXIWGHEIIZE T, TNno%
ERAEE S v 7 v ALEHIELT0 5235, Iz
FIHLZZMX E=L T4 200 THZDHAMER
kam 9 HIIITH A 9,

HEEH D — A, JASRI 0 ERJIFIH 13 BLAIXU
DEEIC O WTH#EL 72, BHI7—2H0nwk2
BEZMV2 2 LT, E—2fuMb - mEEEAL
ZHD, YA X5 um~50um T, 74 b7 T
27 Z1x10"” ~ 5x10" (photons/s) % %Bl$ 3 &
WY ZETHSE, E—LY A REHEIX, KLY
A RDZEHEIMA, ABD T 7 5 — A ZALE~OHE
B, $7-OHSLEZHAGDETTI L)
ZETHoT, TN LT, E—2¥ A4 ALTIC
YT DI, YA REHEBDOT 74 X v FITIEICD
WTOEMBEH o7, MXE—L 74 »Tld, 1]
DE =57 A4 LI um ~EEHum O T 4 X
DR DLHEEEDPFRLIAENS Z LB D | AWEHIE
CCREIcE—aY A4 X2 Dz 2 2 LWEHEET
H5 . BIAIXUD T 7u—F13, TNFEFTITMX E—
LA VTREINT I o2l P oFERI N
DThH»H EBRbNS,

IOy ayoflbo2§EiE Ik, Utrecht K2
? Piet Gros K & 2 ZFAHOMEIC 2D B 2
WF FALF VR EORGENTZICE S 2 G
& . Bach Institute of Biochemistry @ Vladimir
Popov K12 & 2 EEVE R 7 v 2 — VKRR
Doy G & BVEEMEDBIRIC O W T OWFZEICEI T
LT H Tz, ¥ v 87 ERSG RN O DD 72
2ol DH5EIBSR ODHIRTH S, ZDrvy v a
Y To B2 fti, Structural biology hybrid
approach ®t v > a ¥ THES SAXS Z A G0
WG D S 72721 TH D, SAXS IR TP
WL WERR D o T,

XA A=Y VBT D OERERKS
4 % 5 < » % University of Melbourne @

Leann Tilley 22513, =V 7IZEES: L 22 R MER
DXKA XA =2 v 7B 5D R I T, K
MBRIFKREZIE 70 ol cdh, <7V
TIIERT 2 & ZDIBIRDIRESZLT 5 2 LD
5N T 5%, Tilley KOG T, oo iEoehs G
X s a e — Ly FaiA X —2 v FiE
ZHGT, w7V 7RG L 22 ARIMRO R E RN BY
THMED LI N, WX FREEMEE I, 74— % —
74 v Fofig (E2.3 nm~ 4.4 nm) DX
eI 52 T, GRS L IR IRE DR
ZEOHERa Y 7 A PTEHIIT 5 2 LOHRETH
0. D X9 BEKBNEEMOA A= 7
123 LT\ %, Tilley FG23F A L 72 ALS Ok X ##
Wi EE (National Center for X-ray Tomography)
. RO E L IR X BEEH VLS bES
774 —EHMELEETHD, w7 TRESEL
ToRIMBRZ 3T TR 2 2 L3[R CTH B, T
) NET T 7 4 =BT % 3RILMIER D 22 M 5y fRhg
1350 nm BEET, BIEREL G OERIZ10 2 7
nyEwn)lEThsb, — LT, ab—L i
FARA= 713, APSTfioTEDH, 7L 320
V—rv7L—txab—L v EHTEZILICLS
THONZENE—LITBWT, £HRMEP DL
TN R 2 BEE T 5 2 i & D, BRI &
DRt 2 B L, Bl 8% — > Z 47 % Fresnel
Coherent Diffraction Imaging (FCDI) & \»9 Fik
ZHGTW S 2 EEN SN XBIZF VX —25
keV T, ZERIEAEIZ35 nm BREEDZ L TH B,
¥, ¥4 ar7 74— FEEllAGDOE D
C & T, FCDI H§ DI D h) il O &
LN B ) ZETH D,

i U < 43 f5#3 < & % Brookhaven National
Laboratory @ Lisa Miller 2> 6 1%, A X —
YT DTIINA R —IRDMFEANDIEHIZ DOV T
DAV I NIy TAINA T —INTHET S &
INDERBEA A (BRI, ) 2N A ~v—h—
ETBHILET, ZNLRBHDA A —Y vV TER
L. WRFHEBICBIT 2200 OREIZMBIHL X9 &
T2HbDTH2, TAINA 2z RBlI 7
PSAPP v 7 2z W T, BUEHRAAXZ o R
2 ¥ —I2 X 2 EE#EE{)E (Lipid Peroxidation)
P, HOE X BREEMEEIC X 3 ERlo@EA 4 v O E
BT 2 KR8 S e,

Paul Scherrer Institut @ Ana Diaz K 2> & (%,
SLS 2B 2 ififilao X >/ b7 77 4 —
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2DV TORY flADFEN S 17z, Tilley KO3
TOHOHweNZLY A a7 774 —L 0 FEzHO
T 2Nz XS/ FEZ 57 4 =G LTw» 5,
HHEWICETH, 427774 —EE7EREX
MAR—LV TIZBITEH LAY VT — ik
TETWB I EMMAR S, %% Diaz KOG T,

INEFTDODRY VY —FThHoly—v 7L —1%
W 7e X BRBAMEIC 81 2 IE Lo RTER (R
FTFTHDY—rv 7L — b+ DEMEEPCFEE) I
DV T OB R I NI, HoDHTIE, 42y
774 —%2Mwsr LT, ~Mcae—L v R
ARV T EHRTORUE DA X =2 v 793
WREE 725 2 &5, TERIEICRD 2 Ry fine X it
AR—T V7B ELTREMNTONTVLE L) TH
%, #HTI EVETFALEL T I FEF R
O—H) 2T, FRETFEOGMAEICOWVTRS
N7z, 3RIGHRIZ BT % 22870 fFRE 1% 50 nm FEEE
EWIIETHDE, BB, 477374 —%H
WieF ) FET T 7 4 =12 & B 3Rt IC
BT, 10 nm OZEM T FREDER 2 HIE L L 72
BEBIF 70 £ 7 F OMNY (tOMography Nano
crYo stage) IZDOWTHIENSI N,

HMEZDO— AN, JASRI ©2EEAD S 12, X HrHL
72 CT Z W ER]A A=Y v 71T 28850
2 3Nz, Hiido Tilley K% Diaz K%, o X
I RAERNTS S 7@ ERZMESY -y FEL
Tz LT, 2z X b <7 v Zilelz e
F—ry bELT, v ARROEEA X =YV T
ZHNZ, 3RICEERA A=Y Y 728 T % X FAiH
72 CT OISO W THRED e Sl FHEHTIE,
Z VR TRz o7 XERAHEZ CT 2 HwT, §i
HMEZO <Y ARKICIEHT 5 2 & T, slRlo 3R
TLE SR 2 ERICAEE T 5 & bz, Al
BHZBWTHR LY 1T X B [ E Hi O % 04 %
g 5 2 &, —AICERHEE - IC W 5 1 %
[ 7 7 3 A AR FURE D B3 BE oy A R BB HIZ AR 2 12 5 2
AEHICOVWTRI N,

University of California, San Francisco @
Carolyn Larabell K2» 5 (1%, #k X SREEMEE % H
7oHIERE D 3RIGA A =2 v T 2037 &
N7z, @l Tilley KOWZETHHH I 1T
% ALS, National Center for X-ray Tomography
TirbntTw il r/ V777 4 =1L
T, BEA EN & &b ITNSIN, T/ b
7 7 4 —IT X > THE 515 3RITIHHR D 24657 - HE
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1350 nm BRETH % &9 Z LT, BIRTIX Diaz
RickoTHNINIIY AL a7 774 —% )
BETH, Vv 7L = 2HWATTETHERI N
% ERTFREIIFRED X ) Th 5, HEEAMKIZFEA
LV TH D, GRS SO lllEFik L LT
SNTVLIHIRZ R T 7, —fEICSML 72 HAAWE
ZeE OHIciE, Larabell K237 L 2 filid o 3 X JGim
BRI 2 A b Wiz,

GRDA X =2 v ZICBT 3 HEREED ) &, 1F
EAEDMIEEZ Y =7y PE LA A=YV T T
HH, TR T v bD X)) REREYE T
Whole body 4 * =2 v ZICBE$ 2 % £k, KA
Y —FRHEOBDIV I E ) HIREZ T 2, Hi
[0l @ BSR T 13, MASR (Medical Application of
Synchrotron Radiation) & ®3:FIFHME & v 2 &
b b, kR4 GFHIITFEC TR ISR T 5 5D
oz, 4l BSR Bl L w9 2 L b ¥
Ho—oTidhwuhrtEBEbns,

XFEL & biology ADSAIKDWNT

LSHEREBE DL v > 3 »Tld XFEL @ biology ~®
JGFICBE 9 2 #5237 & 17z, Uppsala Universitet
@ Janos Hajdu 2> 6 1%, XFEL Z w1 &7+
26 ORI & 2 5 ADMN Sz, XFEL Y
B, ZOEEW 2, BN OBRHERBE IR E %
ML R, BT, bBEAAZDILIIDOV
THn s i, FIRNZE -7 7L — X3, “Speed
of light vs. Speed of a shockwave” T& b, #kl
DR I N B AT G 2 S L 72 Gz S 5 &
W) ZETHD, £/, ab—L v FEIA A=Y
YT RAWT3RIGA A= ¥ T DRAIZDONTDH
NS N, BEEAE, TEX ROV A 2 S
EMMINTLEIDT, BRTGA RV Vv I %
119 72013, B 230 515 5 L7 210tk
F—2% 05, Self-consistent 3D ¥—4% Z{EK L T,
Z0» 6 3RICDEAE LA %2 R T 5 &)
ZEThHhot, £, XFEL tixwv i, X LA
ZZDEFWRHF L 22T TR GT2 6 DE5mE
FIERICES e [FTHEZ P T2 0IC KB S
7=k DHNL TR EEFEOFHMZIT) LT
DLRDN SN,

[FAl#k 12 DESY @ Henry Chapman K25 &, &
v 7+#—FDOLCLSIcE 5 akt—L v FEfrHE
BlzowTomGszankt, 2bodbave 7t
%, “Time is frozen with a short light pulse” T
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D, RO EHERG E CEn s wb o E L B/ Fith  HASEGAWA Kazuya
T, 2O LTHA L T R%E2T 22 LT, BOREEE (O EBEXREWRtEY S — FBMERERR
WKL T3 & 96 5. TOTSSI08 ARRMRIHALE ]
SLAC @ Keith Hodgson I %>, European XFEL e-mall : kazuya@spring8.orjp
@ Charlotte Uetrecht [ 2> & 12, XFEL @ /N A4 A4
AT 4 VPRSI 2 EERRICO TGS 2% _EA HOSHINO Masato
Ntc, BRI L THRL S XSOV ZADNEH Bic (ME)SEEXNEMRE> Y — FIRAREENR
k2 > T K (Delivery system) 1220, :E6L7-9C;§;??58fi fﬁﬁﬁgﬁ&ﬁﬁm%gg 111
E 7R S DEFSEZBERCIA B 7Dy 7 emﬁmwm@mmwmm
799 RERELSMA 72D DHAICOWTHRE X
N,
SLAC o Sebastien Boutet [l&, A% >~ 7 +—F
LCLS 12 3> THEBR DM FHSZER I 17 1 72 i 3l o> HL
DA DO WLTHE S, FlZ21E, XFEL % v
Zzak—L v MafA X —2 v 2B 5 R E
THD7 7y 7 AMEEZHWNELZKB I 7—12k3%
XL 2 XFEL FEBRICB T 2R o /- v —
LA Lz Lz HIYE L % Multiplexing
F 7' a v OBF R EDHEN S 17z, Multiplexing
F7TarTlk, ) a VeI AYEY RS
WAHE—=—LATY) v ¥ —%HTE—2%20#T 2%
Z LT, FRICEEDOHEBRICHHTESZ LD LT
H5b,
XFEL @+ v ¥ a »Tlx, XFEL % Biology iy
T 2 Ecotk4c ZRERSERI N0, HdEL
TW3 Z EE, W LTRERD 6 o RIPrEZ 2%
RAWETELENIZE, £H7T7v 7 2% R
37 DICENE — LI LG, XL 208N
ARy MIREIZ IR R CERD, Lvw) 2
EDEHITHD, TS DMEERRT 27D,
FHEHCIE AN TE LRI NTE D, Xnlo BSR
TIF X WV BEOEVIHIR RS’ TS 2 TH L) &
Bbins,

BEHOIC

KE[D BSR 1%, 3EBD20164EICT A A« A
Y7 =R TiHbNd DI L TH%, 2iFtid.
JEFO LEBTRE Lh-> 7205, HARIFET 2 &
FRREDHE L L. ZOKREEREPEVIRICZ A
2H5DTH-o7,
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14™ International Conference on Accelerator and Large
Experimental Physics Control Systems (ICALEPCS2013) #es

20134 E10H7H2 6 11 Hizh e >7T, KEY v
7 7 v A aThHfE S e ICALEPCS 2013 (14"
International Conference on Accelerator and
Large Experimental Physics Control System) o
WwEZLET,

ICALEPCS & (&

ICALEPCS k32 D&HID LB, MR L EX
VB EBOHRIE S AT L2 O W TOEBEESETT,
I TOERYHEER X, MG gE. FR R
. A, AR, EhEmHS RS TT, 2
noOEXE, FHENT 2RFARZ KT 2729
IZiE, WS 2T L0 R 8 A, ICALEPCS 13
BARICD 7 o TEARRAR IR OHl#EIc > WT, HfE—
DEFFSEE L THRELTEE L,

1983 4E I 1B _)L ) » CTHESI N T2 5 1
EB IR, K, 77 - A7 =7 KR L
TifrbnTwE 3, 4ElEKkED NIF (National
Ignition Facility, 7 KHigk) ZHFK>wr—1L >~
AYNETHEFTDBFEML E Lz, TE TOEME
FF TN T L 7205, 14[mH o5 HZ i
AN TOYIDRfE L V) T &Ik D £7,
0—L YA NETHEFICOWLTIZER 72 L F
7,

KEAIT7—VvavT

LIS T, OO T LAY T 7LV A
DI —rvay ThfrbitE L,

SPring-8 X v /N — 282 i L % @ X, Open
Hardware Workshop CERN 7333 L T\»% Open
hardware IZ2WTD 7 —27 > a v 7 T7, Open
hardware (7022 = 7 M, FIAFEE DIEGRIC
ERLTwET,
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Motion Control Applications in Large Facilities
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Control System Cyber Security for High Energy
Physics Workshop
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TANGO Workshop ESRF #3thuly & 72 5T, BHFE
Bl o T Bl 7 L —24v7 —2 @ TANGO &
7 —273>avy 7, TANGO iZFica —u v SO
FHEE T b TwET,
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SYHNE, VT IV RADT I VI I VDEY
AP HENA Ty PV =V 2y =Y 77
SRAAKRTIVTL,

2013 10H LW 2IE, TAVABKFOY v v k
A IR ELTEICES>TVE L, THERIZ
U, SMEICIET AV DENIHITEITD X v 8 —
%, HAEELTUILETL 7225, EBEIZMD
MELEL oNFHAT LR, 7 XY HDNEERE
RDE T DB IE S Tl dr o 72 2 E D3N T
L7,

LHEIFTILVOESE T Tbil, RAY—251
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PR EEZWBIIFRETL 2, & 2 APKIEDE
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DAV )—=VEBERLEIDPITER) 2 LIZkoT
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s, s, EERETT,
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TE2w, MEOHEEIMES e TLE ) Dy
R sk 2 LRIERICEERZETY, £
e FE#HE T 7 { SRR C L 7223, T F7%4 TED
(Technology Entertainment Design) Ji\® 7L £
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5oLl bRBETHE, HYBT U ANSG BB EWVT
otV BBEERL E L7,
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ty 3 B
TalDldty > a vy ) b7 LA TD
nELi,

- 7uY 27 b OB
- 7aY 7 NEH LT IBER

s HMECT SRR Y AT DDA
cHERR— AT AT A
« NAZE4s & R i

- N— R = 7 Hi

AL I VTTRT L EAE

- V7 b = P EoHESR
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BOTRODBHE L LNEFVAD, 2006 DT
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The aim of this long-term proposal is to develop
spin polarized high-resolution hard x-ray photoemission
spectroscopy (SPIN-HAXPES) technique, which is
expected to play an essential role in investigating materials
concerning spintronics devices. The review committee
agrees that this bulk-sensitive spin-resolved technique
is essential to investigate electronic and magnetic
structures of buried layers and interfaces of such devices
and appreciates the potential impact on the field. The
committee appreciates also the HAXPES results, as
well as new developments such as in-operand HAXPES,
obtained by the group in 2012A and B. The committee,
however, has a great concern about the significant delay
of the main part of the project i.e., “SPIN”-HAXPES. In
2012A and B, the group faced the problems of a broken
power supply and a broken detector and as a result they

SPring-8 &5
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could not perform the planned spin-resolved experiments.
In 2013A, the group succeeded to make the overall
system (Scienta analyser + SPLEED-type spin detector)
work, but found extremely low counts and consequently
could not observe spin-resolved signals. The construction
of the 2D detection system is also delaying significantly.
Although the committee concludes that it is appropriate
to give another year for this long-term project, noting
the significance and importance of the realization of
SPIN-HAXPES, the committee strongly requests to the
group to prepare the experiments carefully, testing the
power supply, the lens system, and the detectors prior to
each beam time. Also the committee requests the group
to estimate the count rates of the spin-resolved signals
based on the cross sections, available photon numbers,
estimated transmission and detection efficiency for the
entire system, and define the most reasonable photon
energy for bulk-sensitive SPIN-HAXPES.
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NV FORIRFIH, L —F =205 % o 7250k
frER Rz EH L, 2o BEERTDL 25 4
b, wmdEbzfr-o 72,

JBERREE S ERT . 300 ps Dtk L — ¥ —
FHz k> T, 70 ns DBEIERKIC, 15~20 ns Dk
R CTHZL T2 2 L 2R L 2, ETNAL 2D
T4 A7 BEHREE, ) BER ORISR A X% B
U CHEBRRE R 2 ST L 728550, BT« A7 ¢
E 5> T EZIAARME, REOMEI RS
N3 ErHL2IZL 7,

MED K)o, REMAHHEIZ, SPring-8 T
FINTEYRA v FEHIEE L 734 ZBIF DT
filidiE & LChmaifb L, #rLwiltrT 4 A7 oFXME
ZFBMEEL 72 b 0T, IEWICESFHis g, 5
#%. SPring-8 %73 5 € — K XFEL O fd <
AN E TGS A T 2 7 AENTIC X 2 BIRE
RO E NS,

URAY 2 +)

(HFif)

[1] SPring-8 publication ID = 21503
K. Ohara, L. Temieitner, K. Sugimoto, S. Kohara,
T. Matsunaga, L. Pusztai, M. Itou, H. Ohsumi, R.
Kojima, N. Yamada, T. Usuki, A. Fujiwara and M.
Takata: “The Roles of the Ge-Te Core Network
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(2]

(3]

(4]

43

and the Sb-Te Pseudo Network During Rapid
Nucleation-Dominated Crystallization of Amorphous
Ge,Sb,Tes” Advanced Functional Materials 22
(2012) 2251-2257.

SPring-8 publication ID = 25202

T. Matsunaga, R. Kojima, N. Yamada, Y. Kubota
and K. Kifune: “Structural transformation of Sb-
based high-speed phase-change material” Acta
Crystallographica Section B 68 (2012) 559-570.
SPring-8 publication ID = 23877

N. Yasuda, Y. Fukuyama, S. Kimura, K. Ito, Y.
Tanaka, H. Osawa, T. Matsunaga, R. Kojima, K.
Hisada, A. Tsuchino, M. Birukawa, N. Yamada, K.
Sekiguchi, K. Fujiie, O. Kawakubo and M. Takata:
“System of laser pump and synchrotron radiation
probe microdiffraction to investigate optical
recording process” Review of Scientific Instruments
84 (2013) 063902.

SPring-8 publication ID = 25201

N. Yamada, R. Kojima, K. Hisada, T. Mihara, A.
Tsuchino, N. Fujinoki, M. Birukawa, T. Matsunaga,
N. Yasuda, Y. Fukuyama, K. Ito, Y. Tanaka, S.
Kimura and M. Takata: “Phase-Change Nanodot
Material for an Optical Memory” Advanced Optical
Materials 1 (2013) 820-826.
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RISl (2013A ) & rfic Y EHEO e 7
Vv 7R EASRIRIHFI AR S CPER2547H)
WBWTITWE L, 20Kk, L%HED R&H
(2013A ) 2% 785, EBRETH L D & TN
SN, EHEOMERREE F L ORERD TR
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DU 5 2 52 72 3 0 SHli RS R A2 R L £ 79,
FRENBFICOWTIRIAGEIZR—2 D TRE DL
5 ICEBREMLHEICL 2N THELZ2BEHL T E
9,

Nuclear Resonance Vibrational
Spectroscopy (NRVS) of Iron-Based
%, Enzymes for Hydrogen Metabolism,

Nitrogen Fixation, Small Molecule
Sensing, DNA Repair, Photosynthesis,
and Iron Storage

%
i

Stephen P. Cramer
(University of California - Davis)

FIRE A (Fr)E)

PRI E RS | 2010B0032

E—L74 v BLO9XU

IR / iaia> 7 | 2010B~2013A/216> 7 +

CRTEAMiRG )
The principal investigator (PI) developed the
technique of NRVS (Nuclear Resonance Vibrational

EDERFHMICONT

P MR NSO R A v 8 —
GIEE S

Spectroscopy) at beamline BLO9XU and has applied it
to the dynamics of iron atoms and the reaction processes
in metalloproteins. SPring-8 was featured on the cover
of Angewante Chemie in which a recent paper on [NiFe]
hydrogenase from the PI’s group was published. Several
papers have been published in Journal of American
Chemical Society. Also, this technique is employed by
other groups and leading to several distinguished papers
in high-impact journals. Thus, the contribution of the
PI to SPring-8 and the protein science should be highly

appreciated.

U A )

(frat)

[1] SPring-8 publication ID = 21298
L. Do, H. Wang, C. Tinberg, E. Dowty, Y. Yoda, S.
Cramer and S. Lippard: “Characterization of a
Synthetic Peroxodiiron(III) Protein Model Complex
by Nuclear Resonance Vibrational Spectroscopy”
Chemical Communications 47 (2011) 10945-10947.

[2] SPring-8 publication ID = 22899
S. Kamali, H. Wang, D. Mitra, H. Ogata, W.
Lubitz, B. C. Manor, T. B. Rauchfuss, D. Byrne, V.
Bonnefoy, F. E. Jenney Jr., M. W. Adams, Y. Yoda,
E. Alp, J. Zhao and S. P. Cramer: “Observation of
the Fe-CN and Fe-CO Vibrations in the Active
Site of [NiFe] Hydrogenase by Nuclear Resonance
Vibrational Spectroscopy” Angewandte Chemie
International Edition 52 (2013) 724-728.

[3] SPring-8 publication ID = 22946
S.J. George, B. M. Barney, D. Mitra, R. Y. Igarashi,
Y. Guo, D. R. Dean, S. P. Cramer and L. C. Seefeldt:
“EXAFS and NRVS Reveal a Conformational
Distortion of the FeMo-cofactor in the MoFe
Nitrogenase Propargyl Alcohol Complex” Journal
of Inorganic Biochemistry 112 (2012) 85-92.
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[4] SPring-8 publication ID = 22900

(5]

(6]

Y. Guo, E. Brecht, K. Aznavour, J. Nix, Y. Xiao, H.
Wang, S. George, R. Bau, S. Keable, J. Peters, M.
W. Adams, F. E. Jenney Jr., W. Sturhahn, E. Alp, J.
Zhao, Y. Yoda and S. P. Cramer: “Nuclear resonance
vibrational spectroscopy (NRVS) of rubredoxin and
MoFe protein crystals” Hyperfine Interactions (2012)
1-14.

SPring-8 publication ID = 23935

D. Mitra, S. J. George, Y. Guo, S. Kamali, S.
Keable, J. W. Peters, V. Pelmenschikov, D. A. Case
and S. P. Cramer: “Characterization of [4Fe-4S]
Cluster Dynamics and Structure in Nitrogenase
Fe Protein at Three Oxidation Levels via
Combined NRVS, EXAFS and DFT Analyses”
Journal of the American Chemical Society 135
(2013) 2530-2543.

SPring-8 Publication ID = 23936

J. M. Kuchenreuther, Y. Guo, H. Wang, W. K.
Myers, S.J. George, C. A. Boyke, Y. Yoda, E. Alp, J.
Zhao, R. D. Britt, J. R. Swartz and S. P. Cramer:
“Nuclear Resonance Vibrational Spectroscopy and
Electron Paramagnetic Resonance Spectroscopy of
*’Fe-Enriched [FeFe] Hydrogenase Indicate Stepwise
Assembly of the H-Cluster” Biochemistry 52 (2013)
818-826.
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i S FE IR DIRIA

RS MR AR BEO R A 7 v 8 —

FRIEHE DWmXAEREHE Y (2013F12A 31 BHR#E)

K FIAEBELRIRID 2 EDERZRIFEND . SPring-8/SACLA ZHIR L E WS ERNERTE b DDAZAT Y b

SPring-8 i ————

HIFHZE 55 0

SPring-8
| Beamline Name ‘ Public Use ‘~zoo3‘ 2004 ‘ 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 | Total |
BLOTB1 | XAFS 199710 | 113| 21| 32| 39| 35| 54| 57| 57| 73| 54| 43| 578
BLO2B1 | Single Crystal Structure Analysis 1997.10 50| 11 14| 10| 10| 10| 10| 19| 11 13| 15 173
BLO2B2 | Powder Diffraction 1999.9 121| 44| 44| 45| 47| 65| 65| 57| 75| 44| 52 659
BLO4B1 | i d" Temperature and High Pressure | 199710 | 54| 22| 12| 12| 14| 14| 18| 18| 19| 16| 4| 203
BLO4BZ | High Energy X-ray Diffraction 1999.9 29| 19| 12| 20| 40| 17| 25/ 28| 22| 27| 20| 259
BLO8W | High Energy Inelastic Scattering 1997.10 40 9| 10| 17| 15 7 11 201 171 11 164
BLO9XU | Nuclear Resonant Scattering 1997.10 37 7 8l 11 12| 11 71 13 9 8 132
BL10XU | High Pressure Research 1997.10 87| 20| 29| 20| 33| 32| 24| 33| 29| 22| 13 342
BL13XU | Surface and Interface Structure 2001.9 70 12| 21 15| 21| 25| 18] 17| 21 6| 11 174
BL14B2 | Engineering Science Research Il 2007.9 2| 16| 25| 30| 29| 23 125
" BL19B2 | Engineering Science Research | 2001.11 6| 14| 20| 19| 19| 21 19| 18| 32| 45| 24 237
E BL20B2 | Medical and Imaging | 1999. 9 50| 25| 13| 16| 15| 22| 12| 12| 23| 21 12 221
% BL20XU | Medical and Imaging Il 2001.9 15 4 7 8| 21 23| 23| 34| 25/ 15/ 19 194
2 BL25SU | Soft X-ray Spectroscopy of Solid 1998. 4 75| 31| 39| 20| 42| 24| 20| 20| 24| 19| 22 336
§ BL27SU | Soft X-ray Photochemistry 1998. 5 62| 24| 46| 40| 25| 37| 14| 19| 31 13| 24 335
BL28B2 | White Beam X-ray Diffraction 1999.9 12 7 8 15| 15| 14 9| 13 8/ 13 122
BL35XU | High Resolution Inelastic Scattering 2001.9 8 8 5 13| 19 4 8| 12 8 9 97
BL37XU | Trace Element Analysis 2002.11 1 12| 11 11 13| 12| 12| 20| 20| 11 18 141
BL38B1 | Structural Biology Il 2000.10 18| 31 38| 47| 42| 40| 48| 44| 45| 55| 39 447
BL39XU | Magnetic Materials 1997.10 53| 17| 10| 10| 19| 13| 26| 13| 20| 16| 13 210
BL40B2 | Structural Biology I 1999.9 73| 40| 37| 32| 44| 22| 26| 39| 38| 34| 50| 435
BL4OXU | High Flux 2000. 4 11 9] 10| 12| 14 9] 11 9| 13| 17| 27 142
BL4TXU | Structural Biology | 199710 | 119| 63| 61| 66| 69| 57| 79| 62| 61| 42| 37| 716
BL43IR | Infrared Materials Science 2000. 4 11 6| 10 5 8| 12 9 5 8/ 10 7 91
BL46XU | Engineering Science Research |l 2000.11 9 8| 14| 12| 18| 11 16| 21 14, 17 144
BL47XU | HXPES - MCT 1997.10 43| 17| 26| 25| 27| 20| 26| 23| 24| 14| 32 277
BL11XU | Quantum Dynamics 1999. 3 6 1 1 1 4 15
BL14B1 | Materials Science 1998. 4 18 3 7 3 2 2 1 44
BL15XU | WEBRAM 2002. 9 7 7 1 1 1 37
é BL17SU ggfc';'rgs"cﬁ)’;”t Soft X-ray 2005. 9 1 2 3 1| 71 6 7 27
E BL19LXU | RIKEN SR Physics 2002.9 1 3 1
E BL22XU | Quantum Structural Science 2004. 9 1 1
=
?_. BL23SU | Actinide Science 1998. 6 8 2 5/ 10| 13 4 2 2 46
§ BL26B1 | RIKEN Structural Genomics | 2009. 4 3 10
2 BL26B2 | RIKEN Structural Genomics Il 2009. 4 1 9
E BL29XU | RIKEN Coherent X-ray Optics 2002. 9 1 2 1 4l 2 4 ] 15
BL32XU | RIKEN Targeted Proteins 2010.10 3 4 6 13
BL44B2 | RIKEN Materials Science 1998. 5 6 2 3 11
BL45XU | RIKEN Structural Biology | 1997.10 23 12 5 6 11 4! 10 7 9 5 7 99
Subtotal 1166| 505| 557| 562| 667| 630| 624| 637| 748| 606| 588 7290
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Beamline Name | Publi Use | 5003 | 2004 | 2005 | 2008 | 2007 | 2008 | 2008 | 2010 | 2011 | 2012 | 2013 | Total |
BLO3XU | Advanced Softmaterials 2009.11 1 4 8| 18 31
BLO7LSU | giyersity-of-Tokyo Synchrotron 2009.11 11 5/ 6] 9 =21
BLO8B2 | Hyogo Prefecture BM 2005.9 1 1 3 2 7
BL11XU | Quantum Dynamics 13 71 10 71 13 8 8 6 8 9 96
BL12B2 | NSRRC BM 2001. 9 20| 20| 24| 15 8 o| 4/ 8| 3] 126
BL12XU | NSRRC ID 2003. 2 1 5 6 6 15| 9| 14| 5 74
@ BL14B1 | Materials Science 21 7 7\ 11| 18| 15| 17| 17 9 7 136
=
‘E | BL15XU | WEBRAM 2001. 4 31 5 3| 13| 14| 15| 29| 35| 48| 39| 45 277
@
& | BL16B2 | Sunbeam BM 1999. 9 13 1 2 7 5 5 5 3 1 50
g BL16XU | Sunbeam ID 1999. 9 4 4 s 6 a 5 2 41
% BL22XU | Quantum Structural Science 1 4, 13| 12 5 9| 14| 10 7 6 81
© BL23SU | Actinide Science 40| 13 8| 10| 14| 21| 21| 14| 22| 15| 16 194
BL24XU | Hyogo Prefecture ID 1998.10 71 11 9 71 12 7 8 5 6 7 7 150
BL28XU |RISING 2012. 4 2 2
BL32B2 | Pharmaceutical Industry (2002.9 - 2012. 3) 6 3 1 3 27
BL33LEP | Laser-Electron Photon 2000.10 14 2 2 2 3 5 8 1 1 3 41
BL33XU | Toyota 2009. 5 2l 5] 2 9
BL44XU | Macromolecular Assemblies 2000. 2 22| 17| 27| 31| 27| 22| 29| 19| 43| 44| 35 316
Subtotal 250| 92| 109| 126| 132| 126| 146| 159| 188| 179| 172 1679
BL17SU | Coherent Soft X-ray Spectroscopy 2 5 4| 10| 18| 13 9 6| 11 2 80
BLT9LXU | SR Physics 10 11 6| 11| 12 5/ 10 3 3 8 3 82
8 | BL26B1 | Structural Genomics | 2| 18] 35/ 24| 20| 23 14| 12| 5 7| 5| 165
S BL26B2 | Structural Genomics Il 1 5 5 7 6| 19 6| 16| 17| 18 8 108
nzz BL29XU | Coherent X-ray Optics 46| 13| 17 9| 20| 14 9] 11 5/ 15| 11 170
% BL32XU | Targeted Proteins 1 8 5 14
BL44B2 | Materials Science 86| 23| 19| 18| 20| 14| 10 8 12| 11| 11 232
BL45XU | Structural Biology | 76| 20| 19| 16| 14| 15 9 6 5 4 2| 186
Subtotal 221 92| 106/ 89| 102| 108| 71| 65| 54| 82| 47| 1037
SACLA
o8 Beamline Name PUgIC 9% | ~ 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Tota
§§ BL3 ‘ XFEL 2012.3 9 9
| Hardware / Software R & D | 253] 25| 23| 20| 16| 9 26] 19| 21| 19| 20| 460
| NET Sum Total | 1619] 600| 684/ 668| 789| 757| 763| 773] 852| 732] 670 8907

NET Sum Total : EFRICEIHZSNTVNBHE (RARICKRU TWRWEBRUNMCET 2 XEED)
BHE—LF1Y (BL) DNSOMENSHBIHIUIZENETNOE—LTAYTAIY U,

DT —FEMIXEREEH T —IR—2Z (http://user.spring8.or.jp/?p=748&lang=ja) I 2013 £ 12 B 31 HETIKEHFINLT—FICEIVTED.
SHREBSINDAREMENSHDET,
- RESFEUSFIRIZE T SPring-8 £7cld SACLA TITo e E WS EERMER TELL DDA ELTWET,

SPring-8 #7zld SACLA TORMRZRXZFICT 2HERMLTE—LTI VAL LUOFEESOLRZANTTI W,
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*FREBENBIR D 70 & DERZRITED . SPring-8/SACLA ZFR U fc & W5 EEakh e

RRFERBRERNESFEH (2013512831 BR#E)

=0
a

SPring-8 i ————

D CERbDDHZENI K

SPring-8
Beamiine Name Uso Since | papere. | Procesdings | pupications Total

BLO1B1 XAFS 1997.10 578 53 73 704
BLO2B1 | Single Crystal Structure Analysis 1997.10 173 15 26 214
BLO2B2 |Powder Diffraction 1999. 9 659 37 68 764
BLO4B1 E”egsg;i?perat“re and High Pressure 1997.10 203 8 38 249
BLO4B2 |High Energy X-ray Diffraction 1999. 9 259 13 36 308
BLOSW | High Energy Inelastic Scattering 1997.10 164 10 33 207
BLO9XU | Nuclear Resonant Scattering 1997.10 132 14 26 172
BL10OXU | High Pressure Research 1997.10 342 21 53 416
BL13XU | Surface and Interface Structure 2001.9 174 12 30 216
BL14B2 |Engineering Science Research Il 2007.9 125 7 18 150
” BL19B2 |Engineering Science Research | 2001.11 237 41 62 340
£ | BL20B2 |Medical and Imaging | 1999. 9 221 63 68 352
5 BL20XU | Medical and Imaging I 2001.9 194 82 70 346
E BL25SU | Soft X-ray Spectroscopy of Solid 1998. 4 336 16 46 398
ﬁ BL27SU | Soft X-ray Photochemistry 1998. 5 334 18 27 379
BL28B2 | White Beam X-ray Diffraction 1999. 9 122 14 20 156
BL35XU | High Resolution Inelastic Scattering 2001.9 97 6 11 114
BL37XU | Trace Element Analysis 2002.11 141 19 31 191
BL38B1 | Structural Biology I 2000.10 447 10 41 498
BL39XU | Magnetic Materials 1997.10 210 14 63 287
BL40B2 | Structural Biology I 1999. 9 435 11 74 520
BL40XU | High Flux 2000. 4 142 14 49 205
BL41XU | Structural Biology | 1997.10 716 3 73 792
BL43IR | Infrared Materials Science 2000. 4 91 12 38 141
BL46XU | Engineering Science Research lIl 2000.11 144 9 22 175
BL47XU | HXPES - MCT 1997.10 277 92 100 469
BLT1XU | Quantum Dynamics 1999. 3 15 2 3 20
BL14B1 | Materials Science 1998. 4 44 1 11 56
BL15XU | WEBRAM 2002.9 37 19 9 65
E BL17SU | RIKEN Coherent Soft X-ray Spectroscopy | 2005.9 27 1 24 52

% BL19LXU | RIKEN SR Physics 2002.9 1

2 BL22XU | Quantum Structural Science 2004. 9 1
g BL23SU | Actinide Science 1998. 6 46 6 18 70
E BL26B1 | RIKEN Structural Genomics | 2009. 4 10 1 11
% BL26B2 | RIKEN Structural Genomics Il 2009. 4 9 9
.'é BL29XU | RIKEN Coherent X-ray Optics 2002. 9 15 1 16
* BL32XU | RIKEN Targeted Proteins 2010.10 13 2 15
BL44B2 | RIKEN Materials Science 1998. 5 11 3 14
BL45XU | RIKEN Structural Biology | 1997.10 99 5 15 119
Subtotal 7289 648 1285 9222
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: Public Refereed ’ Other
Beamline Name Use Since papers Proceedings publications Total
BLO3XU | Advanced Softmaterials 2009.11 31 1 32
University-of-Tokyo Synchrotron
BLO7LSU Radiation Outstation 2009.11 21 21
BLO8B2 | Hyogo Prefecture BM 2005.9 7 7
BL11XU | Quantum Dynamics 96 6 8 110
BL12B2 NSRRC BM 2001. 9 126 1 1 128
BL12XU NSRRC ID 2003. 2 74 6 3 83

@ BL14B1 | Materials Science 136 10 36 182

c

E BL15XU | WEBRAM 2001. 4 277 7 32 316

©

,g BL16B2 | Sunbeam BM 1999. 9 50 10 44 104

:Lé BL16XU | Sunbeam ID 1999. 9 41 7 37 85

§ BL22XU | Quantum Structural Science 81 2 21 104

(@]

BL23SU | Actinide Science 194 41 80 315
BL24XU | Hyogo Prefecture ID 1998.10 150 17 48 215
BL28XU RISING 2012. 4 2 2
BL32B2 | Pharmaceutical Industry (2002.9 - 2012. 3) 27 3 30
BL33LEP | Laser-Electron Photon 2000.10 41 24 3 68
BL33XU | Toyota 2009. 5 9 1 4 14
BL44XU | Macromolecular Assemblies 2000. 2 316 32 348

Subtotal 1679 132 353 2164
BL17SU | Coherent Soft X-ray Spectroscopy 80 4 7 91
BL19LXU | SR Physics 82 7 20 109

(%]

2 BL26B1 | Structural Genomics | 165 2 18 185

% BL26B2 | Structural Genomics Il 108 1 13 122

[

g BL29XU | Coherent X-ray Optics 170 14 30 214

[15)

é BL32XU | Targeted Proteins 14 1 1 16
BL44B2 | Materials Science 232 2 14 248
BL45XU | Structural Biology | 186 5 38 229

Subtotal 1037 36 141 1214
SACLA
o é Beamline Name Ufeug!fce Rg;greerid Proceedings puﬁzg?ﬂrons Total
SE
°‘3 BL3 ‘ XFEL 2012.3 9 4 13
| Hardware / Software R & D | 460 | 470 425 | 1355 |
| NET Sum Total | 8907 | 1135 1667 | 11709 |

Refereed Papers : BB D DRERX. BEmA P OT7OY—T v V7 EELHX

Proceedings : Em/ALO7AY—F 1 VT

Other publications : #XREXMNHRT. RO DY TIFESHBRVED (5. BTA, B, 20ofthe LTEFINLDHD)
NET Sum Total : ERICEFSNTVBHH (ARICKRRL TWAWERMANCET 2XHMEET)

BHE—LZ04Y (BL) D5OMENSKBRIHBIXFRFENZNOE—LTAYTAIY K U,

- AEHRBIIFIRE T SPring-8 H/cld SACLA TT ol E WS RIMA R TELBDDHELTWET,
SPring-8 & 7cld SACLA TORRZHRNEFICT BHERRBBITE—LTM VEABLIVUREESOTRZANTT S,
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Hideshi 20 (2013) w— | Structural and Biochemical Analysis of a Thermostable
25019 Yokoyama |933-937 2011A1893 | BL26B1 Bl R Membrane-Bound Stomatin-Specific Protease
2012B1095 | BL40B2 TH kiE
25042 Mitsuhiro |20 (2013) 2012A1077 | BL40B2 SEH & | Structure of Liposome Encapsulating Proteins
Hirai 869-874 2011A1929 | BL40B2 FH KfE | Characterized by X-ray Scattering and Shell-Modeling
2009B1730 | BL40B2 T tiE
2009B2111 | BL41XU EK (AR
2010B2025 | BL41XU K fEpE
2011A2004 | BL41XU | &I fith
2011B2106 | BL41XU | &I fith
25069 Kazuya 20 (2013) 2012A1832 | BL41XU | &#&JII 18 | SPring-8 BL41XU, a High-Flux Macromolecular
Hasegawa |910-913 2012B1984 | BL41XU B} K | Crystallography Beamline
2013A1900 | BL41XU A it
2011B1005 | BL41XU LA S
2012B1019 | BL41XU LA S
2013A1001 | BL41XU LA HEE
1= IN= ==
Nobuhiro 20 (2013) 201271834 | BL38B1 %if f:i A Convenient Tool for Gas Derivatization Using Fine-
25070 Mizuno 999-1002 201281910 | BL38B1 ik Bick Needle Capillary Mounting for Protein Crystals
2012B1984 | BL41XU LSNESS
200681392 | BL38B1 BEK REE
2007A1058 | BL38B1 BK (REE
2007B1511 | BL38B1 K (AR
2008A1232 | BL38B1 K (R
Nobutaka |20 (2013) 2008B1325 | BL38Bf E?}( Gl ngelopment of an Online UV-Visible
25071 Shimizu 048-952 2009A1430 | BL38B1 7B7K {#fE | Microspectrophotometer for a Macromolecular
2009B1580 | BL38B1 7&K {f& | Crystallography Beamline
2010A1269 | BL38B1 K (R
2010B2027 | BL38B1 K (AR
200580463 | BL38B1 BK (R
2006A1454 | BL38B1 TBIK R
2012B1295 | BL38B1 21 B R
ssize |Mha [y [ooiasores | BLany | Bl | e e Mmeren faty e St
Hirose 923-928 2012A1370 | BL38Bf B AL 1-anilinonaphtalene-8-sulphonic Acid
2012A6724 | BL44XU 2L B
Takeshi 20 (2013) Crystal Structure of UDP-glucose:anthocyanidin
25143 Hiromoto | 894-898 2009A1557 | BL38B1 EH AR 3-0-glucosyltransferase from Clitoria ternatea
Hiroshi 20 (2013) | Large-Aperture Refractive Lenses for Momentum-
25220 Fukui 591-595 2010A1982 | BL35XU BIAN Resolved Spectroscopy with Hard X-rays
25063 Emily A. 20 (2013) 2010A1528 | BL28B2 |Schwenke Daryl | Assessment of the Serotonin Pathway as a Therapeutic
Gray 756-764 2010B1200 | BL28B2 |Schwenke Daryl| Target for Pulmonary Hypertension
2013A8050 BL3 i IE#s | Development of a Single-Shot CCD-based Data
Masaki 21 (2014) Acquisition System for Time-Resolved X-ray
25600 Oura 183-192 = BL17SU Photoelectron Spectroscopy at an X-ray Free-Electron
L BL19LXU Laser Facility
Takayoshi |21 (2014) 2011A7297 | BLO3XU sy 5 | Grazing-Incidence SmaII?AngIe X-.ray Scatterir?g from
25601 Yamamoto | 161-164 " Ge Nanodots Self-Organized on Si(001) Examined
2012B1950 | BLO3XU MINIEERS | with Soft X-rays
2010A3502 | BL11XU aH &7
25604 Masahiro |21 (2014) 2010B3502 | BL11XU aH EF Momentum-Resolved Resonant Inelastic X-ray
Yoshida 131-135 2011A3502 | BL11XU £ BF | Scattering on a Single Crystal under High Pressure
2011A4261 | BL12XU aH EBF
05615 Andrzej 21 (2014) 2006B0097 | BLOSW &H & A Planar Parabolic Refractive Nickel Lens for High-
Andrejczuk | 57-60 2007B0097 | BLO8W I E Energy X-rays
2011B1244 | BL20XU A EE
. ) 2012A1686 | BL20XU A EE . ) .
2012B7260 | BLO3XU BAEE
2013A1416 | BL20XU EA SR
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Kuniyuki 417 (2013) Correlation between Local Atomic Structure and
24988 Ichii 012049 2011A1718 | BL14B2 A G Ultraviolet Luminescence of AIGdN Thin Films
201081097 | BL20XU 18 R Development of Scanning Imaging X-Ray Microscopy
25117 Akinisa 463 (2013) 201171449 | BL2OXY 1179 A for Quantitative Three-Dimensional Phase Contrast
Takeuchi | 012034 2011A1453 | BL47XU TR EX Microimaging
2012A1239 | BL47XU TR REX
. Double Phase-Plate Setup for Chromatic Aberration
25178 Toshl.ya 425 (2013) 2010A3711 | BL22XU fBR &k | Compensation for Resonant X-ray Diffraction
Inami 132011 .
Experiments
2011B3203 | BL24XU =% F
25054 Hidekazu | 463 (2013) 2011B3247 | BL24XU Tﬁ Bt | Development of Real-Time X-ray Microtomography
Takano 012025 2012A3203 | BL24XU =% FM | System
2012A3247 | BL24XU P B2t
Yoshito 391 (2012) « == | Bulk-Sensitive Photoemission Spectroscopy of
25346 Nishitani 012115 2010A1244 | BL25SU LRy & TIFe,Se,
05347 Atsushi 391 (2012) 2009A1122 | BL25SU LI 75 | Electronic Structures of the FeSe Superconductor
Yamasaki | 012141 2008B1149 | BL27SU LI E75 | Studied by High-Energy Photoelectron Spectroscopy
05383 Yoshio 463 (2013) 2011B1190 | BL20XU #mAK B4 | Hard X-ray Nanoprobe with Spherical-Aberration-
Suzuki 012019 2010B1136 | BL20XU $AK 4 | Corrected Quad-Spherical-Mirror Optics
Yoshio 463 (2013) - Hard X-ray Imaging Microscopy Using X-ray Guide
25384 Suzuki 012028 2011A1322 | BLATXU BAFE Tube as Beam Condenser for Field lllumination
Physical Review B
) 2009B3825 | BL23SU T7H 58 | Separation of Magnetic Properties at Uranium and
Yukiharu 88 (2013) N o . .
24821 Takeda 075108 2010A3825 | BL23SU TTH 78 | Cobalt Sites in UCoAI Using Soft X-ray Magnetic
2011B3825 | BL23SU T1H =& | Circular Dichroism
2006B1155 | BLO8W 5 M
) 2007A1170 | BLO8W 5 M
25048 '\K/;::;r;) ??5(123;3) 2008B1106 | BLO8W #z Electron Momentum Density in Liquid Silicon
2009A1252 | BLO8W TAHE FiE
2010B1170 | BLO8W 52 R
200987401 | BLO7LSU TAH
2010A7401 | BLO7LSU TR R !
ssoss [Marami |88 core)  [oovenani{oLorisu | | 7esetons e Suece roortegs St o e
Ogawa 165313 2011A7401 | BLO7LSU HAM R by Time-Resolved Photoemission Spectrosco
2012A7401 | BLO7LSU | WA E | P Py
2012B7401 | BLO7LSU LA 5E
Ignace 86 (2012) _ Res_on_ant Ipelastic X-ray S_cattering Study of Charg_e
25181 . 2010A4256 | BL12XU |Jarrige Ignace | Excitations in Superconducting and Nonsuperconducting
Jarrige 115104 PrEeAsO
1y
Kohei 88 (2013) Spectro_scopic Studies on the Electron.ic and _
25288 Yoshimatsu | 174423 2011A1624 | BL47XU F3E KBS | Magnetic States of Co-doped Perovskite Mamganite
Pry¢Cag ,Mn,,,Co,0; Thin Films
25317 | Zheng Lu 234(52,2: 3) 281121332 gtgigi f{g ;E Superconductivity in (NH,),Cs, ,FeSe
25350 (E:a\r}?osl 88 (2013) 201280043 | BLATXU |Feiser Glaudia | DireCt Observation of Band Bending in the Topological
195128 Insulator Bi,Se;
Barbosa
. |87 (2013) 2011B3831 BL23SU RER Otfservation of Bulk Band Dispersions of YthZSiZ
25426 | Akira Yasui 075131 using Soft X-ray Angle-Resolved Photoemission
2010B3831 | BL23SU R R Spectroscopy
Japanese Journal of Applied Physics-1
Yoshiyuki | 52 (2013) 2010A4800 | BL15XU JINBR B NeV\{ Direct Spectroscopic Method for Determination
24960 vamashita | 108005 of Bias-Dependent Electronic States: Hard X-ray
2011A4604 | BL15XU W™ B2 | Photoelectron Spectroscopy Under Device Operation
2008A5071 | BL16XU Bl ¥
2009B5072 | BL16XU Bl ¥ Inductively Coupled Plasma Mass Spectrometry Study
24991 Tatsumi 52 (2013) 2010B5070 | BL16XU I ¥ on the Increase in the Amount of Pr Atoms for Cs-lon-
Hioki 107301 2011A5071 | BL16XU i Implanted Pd/CaO Multilayer Complex with Deuterium
2011B5070 | BL16XU i ¥ Permeation
2012A5070 | BL16XU Bl ¥
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. 2006B1628 | BL23SU =% Z | Relation between Oxidation Rate and Oxidation-
Shuichi 52 (2013) - ) ; ) )
25062 Oaawa 110128 2012A3808 | BL23SU /NI {E— | Induced Strain at SiO,/Si(001) Interfaces during
9 2006A1744 | BL23SU =2 = | Thermal Oxidation Processes
25073 Masamitsu | 52 (2013) 2013A1649 | BL02B2 SR & Redox Reaction in Prussian Blue Analogue Films with
Takachi 090202 2012A1094 | BL02B2 SR Fast Na* Interaction
25098 Shuichi 52 (2013) 2010B3879 | BL23SU =% Z | Graphene Growth and Carbon Diffusion Process
Ogawa 110122 2012B3808 | BL23SU /NI {E— | during Vacuum Heating on Cu(111)/Al,O; Substrates
2011B7421 | BLO7LSU B
Fumihiko 52 (2013) AR E Characterizing Edge and Stacking Structures of
25494 Matui 110110 2012A7431 | BLO7LSU A E Exfoliated Graphene by Photoelectron Diffraction
2012B7434 | BLO7LSU KM E P Y
. Detailed Impurity Phase Investigation by X-ray
o561 | lakashi 52 (2013) 2004B0111 | BLO1BA EA £ | Absorption Fine Structure and Electron Spin
Kunimoto | 042402

Resonance Analysis of CaMgSi,O4:Eu Phosphor

Journal of Electron

Spectroscopy and Related Phenomena

Magnetic Dichroism in Angular Resolved Hard X-ray

25119 Carlos Viol | 189 (2013) 2012A0043 | BL47XU |Felser Claudia| Photoelectron Spectroscopy from Buried Magnetic
Barbosa 146-151
Layers
2007A4903 | BL15XU |Fecher Gerhard
2007B4904 | BL15XU |Felser Claudia
2008A4905 | BL15XU |Felser Claudia
2008B4903 | BL15XU |Felser Claudia
2009A4905 | BL15XU |Felser Claudia
2010A4903 | BL15XU |Fecher Gerhard
2010B4903 | BL15XU |Fecher Gerhard . .
Ouardi 249-267 2011A1464 | BL47XU |Fecher Gerhard Case of Intermetallic Compounds
2012A0043 | BL47XU |Felser Claudia
2008A0017 | BL47XU |Felser Claudia
2008B0017 | BL47XU |Felser Claudia
2009A0017 | BL47XU |Felser Claudia
2009B0017 | BL47XU |Felser Claudia
2010A0017 | BL47XU |Felser Claudia
2010B0017 | BL47XU |Felser Claudia
2012A1355 | BL47XU MoK K H)
2011B1537 | BL47XU MoK K H ) )
25477 Eiji Ikenaga 190 (2013) 2011A1420 | BLA7XU 51&7? Etal 3:’3 IQT:; rl;thzft:)-lelgr:]isl_s?ct;rgpaenc(ir\c/)\ggsp?/naglgE;S)((Jll,\ll?:
180-187 2010B1425 | BL47XU MK EH] SPring-8
200981933 | BL47XU MK ZEE]
2009A1889 | BL47XU MoK K H
2006B1604 | BL47XU AN BBEX
2007A4903 | BL15XU |Fecher Gerhard
2007A4608 | BL15XU RHE %
2008A4802 | BL15XU EH Bt
Shigenori | 190 (2013) 2007B4605 | BL15XU REAXE Application of Hard X-ray Photoelectron Spectroscopy
25510 Ueda 235.941 2008A4602 | BL15XU EEE_% to Electronic Structure Measurements for Various
2008A4800 | BL15XU IR A | Functional Phenomena
2009A4600 | BL15XU | EIRLES J93¢
2007A4609 | BL15XU A5 Efd
2007B4607 | BL15XU A5 B
2007B4800 | BL15XU I\ B
190 (2013) 2008A4906 | BL15XU | Fadley Ciharles
25605 | J. Minar 155-164 2008B4800 | BL15XU /PR B | Recent Developments in the Theory of HARPES
2009A4906 | BL15XU | Fadley Charles
2008A4906 | BL15XU | Fadley Charles
25606 Charles 190 (2013) 2009A4906 | BL15XU | Fadley Ciharles Hard X-ray Photoemission with Angular Resolution and
Fadley 165-179 2009B4804 | BL15XU J\k &S | Standing-Wave Excitation
2010A4902 | BL15XU | Fadley Charles
Journal of the Physical Society of Japan-1
05074 Takahiro 82 (2013) 2013A1649 | BL02B2 SRS Structural Response of P2-Type Na,MnO, against Na*
Shimono | 083601 2012B1753 | BL02B2 JVHA i Interaction
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25121 Tomohiro |82 (2013) 2006B1019 | BL25SU T E# | Element Assignment for Three-Dimensional Atomic
Matsushita | 114005 2007A1278 | BL25SU T E# |Imaging by Photoelectron Holography
- 2011B3711 | BL22XU G5 #8 | Temperature and Magnetic Field Dependent Yb
Hirohito 82 (2013) e - . . .
25179 Nakal 194712 2012B0046 | BL39XU JE30 B{Z | Valence in YbRh,Si, Observed by X-ray Absorption
2010B1349 | BL39XU FAH EE3A | Spectroscopy
2012A0083 | BLO2B1 p
Naoyuki 82 (2013) '; i Superconductivity in Ca,,La,FeAs,: A Novel 112-Type
25322 Katayama | 123702 201280083 | BLO2B1 i d Iron Pnictide with Arsenic Zigzag Bonds
Y 2013A0083 | BLO2B1 2B gzag
2009B1959 | BL39XU AR B . .
Takahiro 83 (2014) N ES Simultaneous Pressure-Induced Magnetic and Valence
25461 Onimaru 013701 2010A1477 | BLSOXU RN F18 Transitions in Type-| Clathrate EusGa,sGe
2010B1564 | BL39XU | %A =@ P § e H 0
Hideaki 83 (2014) P . | Insulator-to-Superconductor Transition upon Electron
25610 Sakai 014709 2013A1902 | BLOTBH THE B Doping in a BiS,-Based Superconductor Sry,La,BiS,
Acta Crystallographica Section D
200982091 | BL38B1 55 5=
2010A1974 | BL38B1 55 5=
2010B2012 | BL38B1 5% 58
69 (2013) 2011A2043 | BL38B1 E1% /8= | Humidity Control and Hydrophilic Glue Coating Applied
25068 | Seiki Baba 1839-1849 2011A2054 | BL38B1 E3% 5= | to Mounted Protein Crystals Improves X-ray Diffraction
2011B2104 | BL38B1 Ei5 5= | Experiments
2012A1834 | BL38B1 55 5=
2012B1910 | BL38B1 55 58
2013A1872 | BL38B1 5% B8
Mutsuko 67 (2011) Inhibitor-Bound Structures of Human Pyruvate
|
25162 Kukimoto | 763-773 201085930 |  BL32B2 I Dehydrogenase Kinase 4
Yasushi 66 (2010) w__ | Structure of an Archaeal Homologue of the Bacterial
25280 Hikida 1301-1307 200681766 | BL4TXU B3R & Fmu/RsmB/RrmB rRNA Cytosine 5-methyltransferase
05463 Naoki 69 (2013) 2010A1206 | BL41XU | #A#kIR /=75 | Structural Polymorphism in the L1 Loop Regions of
Horikoshi | 2431-2439 2011A1528 | BL41XU | #A#kIR {7 |[Human H2A.Z.1 and H2A.Z.2
Bunzo 68 (2012) — — Induced-Fit Motion of a Lid Loop Involved in Catalysis
25566 Mikami 1207-1216 200580275 | - BL38B1 =Ex= in Alginate Lyase A1-Il
Applied Physics Letters
24984 | Chakraverty 103 (2013) 2012A1624 | BL47XU fﬂ}% K& | BaFeO, Cubl.c Single Crystalline Thin Films: A
142416 2012B1757 | BL47XU F:E K | Ferromagnetic Insulator
. Micro-Pore Development Phenomenon in Hydrogen
h 1 201
25050 | Chiradeep | 103 (2013) 2011A1498 | BL20XU | /\bkIEA] | Pre-Charged Aluminum Alloy Studied using
Gupta 171902 .
Synchrotron X-ray Micro-Tomography
2011B7419 | BLO7LSU | R =¥
2012A7424 | BLO7LSU | #E 18X
25156 | Koii Horiba 103 (2013) 2013A7446 | BLO7LSU i FEX | Observation of Rebirth of Metallic Paths during
) 193114 2012A7402 | BLO7LSU JE3% 5hF | Resistance Switching of Metal Nanowire
2012B7402 | BLO7LSU | &35 507
2013A7402 | BLO7LSU JE3% 5L 7
Anh 103 (2013) Colossal Magnetoresistive (La,Pr,Ca)MnO; Nanobox
25291 2012B4910 | BL15XU RREB HE Array Structures Constructed by the Three-Dimensional
Nguyen 223105 - )
Nanotemplete Pulsed Laser Deposition Technique
2012A4806 | BL15XU AN BX . )
ssson | kenat (1B [ovianseeo [ puzmsu [ x| Sopte Steuressestoiohorine ol
2012B3840 | BL23SU | ft BBk ° v praxy
Inorganic Chemistry-1
2011A1641 | BL02B2 i G
Yasuhide 52 (2013) iz %f" A-Site-Ordered Perovskyte MnCu,;V,0;, with a
25041 Akizuki 11538-11543 2012A1677 | BLO2B2 B 2] 12-Coordinated Manganese(ll)
2012A1554 | BL02B2 WA RH 9
05049 Atsunobu |52 (2013) 200881040 | BL02B2 BT BYE | Weak Ferromagnetic Transition with a Dielectric
Masuno 11889-11894 2010A1220 | BL0O2B2 EF HE | Anomaly in Hexagonal LugsSc, sFeO,
Naoaki 52 (2013) 2011B1729 | BLO2B2 gz jg— | A Comparative Study of LiCoO, Polymorphs: Structural
25267 . and Electrochemical Characterization of O2-, O3-, and
Yabuuchi | 9131-9142 2012A1672 | BL02B2 B93% B— | O4-type Phases
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2010B1707 | BL02B2 LI et
2011A1047 | BL02B2 L et
2012A1002 | BL25SU A
lkuya 52 (2013) I :%1‘*3 Control of Bond-Strain-Induced Electronic Phase
25319 Yamada 13751-13761 2012A1619 | BLO2B2 LI A4t Transition in Iron Perovskites
2013A1042 | BL27SU LI et
2013A1043 | BL02B2 LI et
2013A1689 | BL27SU BHE 25
05521 | Alexei Belik 52 (2013) 2011B4512 | BL15XU Belik Alexei | High-Pressure Synthesis, Crystal Structures, and
12005-12011 2012A4507 | BL15XU Belik Alexei | Properties of SCRhO; and InRhO; Perovskites
The Journal of Biological Chemistry
Crystal Structures of the Catalytic Domain of a Novel
Takao 288 (2013) Glycohydrolase Family 23 Chitinase from Ralstonia sp.
24469 Arimori 18696-18706 200981314 | BL38B1 FH AR A-471 Reveals a Unique Arrangement of the Catalytic
Residues for Inverting Chitin Hydrolysis
N — | Structures of the Substrate-Free and Product-
2005A0051 BL38B1 i =k
25349 Masaki 288 (2013) 2% B Bopund Forms of HmuO, a Heme Oxygenase from
Unno 34443-34458 Corynebacterium diphtheriae: X-ray Crystallography
BT BL44B2 . Lo
and Molecular Dynamics Investigation
Kwang 288 (2013) Structural and Biochemical Analyses of the Eukaryotic
25578 Hoon Sung | 23234-23243 2011A6686 | BL44XU | Song Hyun Kyu Heat Shock Locus V (HslV) from Trypanosoma brucei
2010A6515 | BL44XU JbPR 215
2010B6515 | BL44XU JLPR 215
2011A6615 | BL44XU 1bAf 4218 | Crystal Structure of Clostridium botulinum Whole
Sho 288 (2013) — = . . .
25597 Amatsu 35617-35625 2011B6615 | BL44XU JbPr 218 | Hemagglutinin Reveals a Huge Triskelion-shaped
2012A6715 | BL44XU 1bFR #21& | Molecular Complex
2012B6715 | BL44XU LR 215
2013A6816 | BL44XU JLPR 15
Characterization and Structure of the Aquifex aeolicus
Aya 287 (2012) B 2= Protein DUF752: A Bacterial tRNA-methyltransferase
25603 Kitamura 43950-43960 2005A0760 | BL41XU R (MnmC2) Functioning without the Usually Fused
Oxidase Domain (MnmC1)
Physical Review Letters
2011A1464 | BL47X Fech h
24998 | Jun Euiii 111 (2013) 0 6 u T’Car?;f(:?cr)naerd Identifying the Electronic Character and Role of the Mn
| 097201 2010B4900 | BL15XU Giancarlo States in the Valence Band of (Ga,Mn)As
Spin-Density Matrix Elements for yp — K °Z* at E,
H 1 2012
25105 | Sang Hoon | 108 (2012) 2007A6001 | BL33LEP | JEH %83 |=1.85-3.0 GeV with Evidence for the «(800) Meson
Hwang 092001
Exchange
2011B1221 | BL43IR SFl —BB
2011B1232 | BL43IR i I B ) . .
ssare |l |1 eote)  [eoteatosa | mLaam | —m |8 R PeE e
Okazaki 217801 2012A1141 BL43IR Pl B — Dimensional Quagrter-FiIIed Organic Salt Compound
2012B1352 BL43IR Tl —BB ¢ P
2012B1223 | BL43IR e B
Goetz 110 (2013) VRN Direct k-Space Mapping of the Electronic Structure in
25590 Berner 247601 201183820 | BL23SU B IE an Oxide-Oxide Interface
2011B7403 | BLO7LSU | &EH &X . . I
Harada  |193001 201287403 | BLOTLSU | BHIBA | o —d 9 Y
B BL17SU 9
Acta Crystallographica Section F-1
05499 Minghao 69 (2013) 2011B1227 | BL41XU ok B Structure of Dihydrouridine Synthase C (DusC) from
Chen 834-838 2011A1062 | BL41XU ok B Escherichia coli
2012A1179 | BL41XU
Takaki 69 (2013) Ht RAl Preliminary X-ray Crystallographic Study of
25430 Sugawara |868-870 2011B1462 | BLA1XY Mt Rl Ataphylococcal a-haemolysin Monomer
¢ 2012A1199 | BL40B2 | BME B8 | PV v
2007A1439 | BL38B1 —kx= e - .
ssson [cona 2010 [orotas0 | aLseot | == |Cuiomen Cosaan s oy
937-941 2008A1263 | BL38BT | =Fx= |, /o209 y v y
2008B1574 | BL38B1 —ExX=
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25565 Kimihiko 68 (2012) 2010B1181 BL26B1 =tk X= |Structure of p-1 ,4—mannanasae from the Common Sea
Mizutani 1164-1168 2010A1489 | BL26B1 =k X= |Hare Aplisia kurodai at 1.05 A Resolution
Chemistry - A European Journal
Tetsuo 19 (2013) Acenaphthylene-Fused Cyclo[8]pyrroles with Intense
25020 Okujima 13970-13978 201281324 | BL38B1 AKX —H Near-IR-Region Absorption Bands
2013A1661 BL02B1 WF 7%
2012B1790 BL02B1 WF 7%
25007 Takahiro 19 (2013) 2013A1705 | BL40XU %é‘ *x Size- and Orientation-Selective Encapsulation of C;,
lwamoto 14061-14068 2012B1815 | BL40XU =8 by Cycloparaphenylenes
2012A1625 | BL40XU =8 K
2011B1545 | BL40XU =8 K
2010B1488 | BL38B1 =A%
2010A1455 | BL38B1 =8 X
2011A1614 | BL40B2 BT
2009B1463 | BL40B2 =8 X
25258 Kazuki 19 (2013) 2009A1577 | BL40B2 2A X Synthesis and Self-Assembly of NCN-Pincer Pd-
Ogata 12356-12375 2008A1034 | BL40B2 aA X Complex-Bound Norvalines
2012B1815 | BL40XU =Ba X
2012A1625 | BL40XU =8 K
2011B1545 | BL40XU =8 K
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